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PROGRAMS FOR 
ATOMIC-STRUCTURE CALCULATIONS 

by 

C. Froese Fischer and M, Wilson 

ABSTRACT 

Computer programs used for a tomic-s t ructure cal
culations a re described and listed. Sannple data for each 
are also presented. 

L INTRODUCTION 

Insight into some of the problems associated with the electron-
electron interactions within and between the electron configurations of 
complex atonns may be obtained by studying the results obtained from some 
approximate atomic model. Such a model is furnished by the nonrelativistic 
Har t ree-Fock (HF) approximation. 

The various one- and two-electron interaction integrals of the tradi
tional Slater theory' may be estimated provided one has reasonably accurate 
knowledge of the radial wavefunctions (and hence radial charge distribution). 
The HF radial wavefunctions used here are those developed within the 
framework of the central field approximation and are obtained by procedures 
based on the variation principle and res t r ic ted by the usual conditions of 
integrability and smoothness. The various electrostat ic and magnetic in
teraction and transition integrals may then be computed for any specified 
configuration (or set of configurations) for any chosen atom or ion. In 
many cases , comparison is possible with corresponding quantities that 
have been derived empirically as pa rame te r s . In the HF approximation 
without configuration mixing, the computed quantities correspond to those 
for a pure configuration, with relativistic and correlation effects omitted, 
while the empir ical quantities have absorbed other effects (such as cunnu-
lative effects of weak configuration interaction) which may serve to distort 
the apparent values of the quantities in question. 

Certain quantities are sometimes difficult, if not impossible, to 
obtain by empir ical means. Examples of these are configuration interaction 
R integrals , transition integrals , and the kinetic energy (KE) and one-
electron integrals (In^). These can be estimated by using HF radial 
functions. 



For the study of line intensities, knowledge of the signs, as well as 
relative magnitudes, of the multipole integrals is of great help in performing 
detailed analyses. For transition a r rays involving mixed configurations, 
the signs of the R^ integrals are also required. These signs can be obtamed 
by using HF radial functions. 

By performing HF calculations for chosen configurations along i so-
electronic sequences or for a ser ies of elements of fixed ionization stage, 
we can investigate regulari t ies (or lack thereof) in detail. Comparison of 
the HF resul ts for several configurations of a par t icular ion can reveal, in 
addition to knowledge of the relative importance of interactions, details of 
the screening effects caused by electron rearrangement on such quantities 
as the one-electron integrals and values of the electron density at the 
nucleus (|^(0)|^). Knowledge of the latter are important for the in terpre ta
tion of isotope and isomer shifts. 

This report presents descriptions and source-deck listings of the 
computer programs (for the ANL CDC-3600) that have been used for such 
a ser ies of a tomic-s t ruc ture calculations as outlined above. 

II. NUMERICAL HARTREE-FOCK (HF) PROGRAM 

Since the basic version of this program has been described in detail 
elsewhere,^ we will only give here a few rennarks concerning salient fea
tures , operational procedures , and notes of changes incorporated. Refer
ences 1 and 2 are used as a general reference for definitions and notations. 

Briefly, the program is a general one which solves the HF equations 
by an i terative method for a superposition of (up to six) configurations. 
Solutions may be obtained for average of configuration or for specific 
t e rms of a configuration for any open-shell atom or ion. The cur ren t 
program will handle ions of up to 20 orbitals containing s, p, d, and f 
e lectrons. 

A. Frozen-core Modification 

The program has been modified to enable a specified set of outer 
orbitals to be made self-consistent while the remaining inner orbitals a re 
kept fixed. As input, such frozen-core calculations always require values 
of the wavefunctions Pj and one-electron integrals Ij, obtained from a 
previous run, for the orbitals to be kept frozen. We have used two a l te r 
native modes of operation: 

1. Sequential cases--useful for atoms with^ a small number of 
orbitals because of run-t ime considerations. The Pj ' s and I^'s that form 
the data for the frozen core a re constructed first and are left in the memory 
as input for following runs. 



2. Separate time c a s e s - - m o s t useful for heavy-atom calculations. 
The frozen-core P^'s and L's are input as cards which are the output from 
a previous "core-producing" run. 

Input data card 1 now reads: 

ATOM, TERM, NWF, NCFG, NF, NG, NR, Z, RHO, H, NO, lORTHO, 
ITEST, NITT in format (2A6, 513, 3F6.0, 16, 313). 

NITT is the number of wavefunctions to be made self-consistent and 
must correspond with NITT of card type 8. A nonzero value of NITT causes 
the P; ' s and I-'s either to be taken from the resul ts of a previous run still 
in the memory, or to be read as card input according to whether the values 
of IND(l) for the frozen orbitals a re +1 or - 1 . If all wavefunctions NWF are 
to be made self-consistent, NITT can be equal to zero or NWF. 

The subroutine PNCH has been modified to punch the Ij values in one 
to one, to correspond with those Pj ' s specified to be punched. 

After the listing of the HF program (in C below) are two examples 
of single-configuration input data using the two modes of operation for a 
frozen-core calculation. 

B. Other Changes 

ITEST has been added to card I in order to handle single orbital 
cases whose eigenvalues a re less than 0.9. If ITEST = 1, then the call 
to SOLVES in SOLVE is bypassed. This is, necessary for such cases , 
since SOLVES fails for a homogeneous equation; for example. Is of H 
and 2p^ of Hel would both require ITEST set equal to 1. 

Values of the one-electron integrals (Ij) and kinetic energies (KE) 
are now computed and listed by the subroutine ENERGY. Values of the 
Slater F and G integrals are listed in cm ' instead of atomic units. 
Additional decimal places have been added to the listed total energy and 
eigenvalues. 

To the DATA statements of the subroutine SPIN have been added 
the coefficients of the V'*̂  and N''^ integrals for f-f and d-f type magnetic 
interactions. These coefficients were omitted from Table I of Blume and 
Watson (also from Ref. 2), but a re readily calculated by means of Eq. 18 
of Ref. 3. 

It was also thought desirable to list in detail the various contribu
tions to the values of the spin-orbit integrals . In addition to the values of 
M (ab), N'^(ab), and v''-(ab) being given, we also list the corresponding 
values of M°(ba), N'^(ba), and Vl< (̂ba). The values of this first integral 



(with exchanged orbitals) cannot be obtained by symmetry proper t ies . Thus 
the given values allow us to relate the two different M*̂  integrals defined by 

M'^(ab) = i[M'^(ab) + M'^(ba)], 

where the M on the left of the equal sign is that defined by Marvin, and 
the ones on the right are those defined by Blume and Watson^ and calculated 
here . 

To keep track of computing t imes such as for multiple run cases , we 
have added a time check feature to several of the strategic subroutines. 

Values of a, e, and AZ obtained, often with little difficulty, using 
the Herman and Skillman program are usually sufficient to form good 
initial est imates for input data. To obtain o, we must obtain values of 
< r> . These may be computed from the Herman and Skillman output^ by 
using a routine such as HFSRPOL described in Section IV.B of this report. 

C. Listing of HF P rog ram 

A page guide to the subroutines of the HF program precedes the 
listing of the actual program. 
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POOGP'iM MAIN 
C HARTREE-FOCK SCF ATOMIC STRUCTURE CALCULATION 
C WRITTEN BY DR CeARLOTTE FROESE. 
C MODIFICATIONS (CDC-3600) ARGONNE NATL LAB JUNE 1967 
C COIN DATA ADDITIONS 
C I(NL) AND KINETIC EMERGV VALUES 
C MODIFIED TO CALCULATE WITH FROZEN CORE 

INTEGER ACTt^D 
LOGICAL FAIL.RSCAN 
COMMON ATOM,TERM.NWF.Z.RHO<H.NOtO(100)«ACC(20).DDOO)•E<20«20) 
1 DUMMY( 13A72) /TEST/FAIL.RSCAN(20)/SCRAP/DDD(20r) 
EQUIVALENCE (IRHO.RHO) 
COMMON /CORi^/ IB.EC(?0) 
DATA (ASTER = 1H») 
YTIME = TlMFLEFT(TDUMMY) 
POINT 0998. YTIME 

9998 FORMAT(1HO.» INITIAL TIME » £20.8/) 

1 FAIL = .FALSE. 
11 FT = 0. 

DO A I=1.20 
DO A J = 1.20 
IF (I .NE. J) E(I.J) • 0. 

A CONTINUE 
CALL DATA(NP) 
READ 2.NSW.NINC.NIT.ID 

2 FOOMAT(4I3) 
IF (IB.GT. NWF) GO TO 77 
NITT = NWF +1 - IB 
NIT = NITT 

77 CONTINUE 
PRINT 22.NlNC.NIT.RHO.H.NO 

22 FORMAT(//9X.23HC0MPUTATIONAL PROCEDURE //9X. 
1 8HTHE LAST I3.22H GROUPS ARE I N(;0MOLETE/9X . 
2 8HTHE LAST I3.29H WILL BE MADE SELi^-CONS I STEV'T // 
3 20X.5HRH0 = '^12.7/20X.5HH = F12.7/20X .5HN0 = 14) 
IB = NKIF - NIT + 1 
IRHO = NP 

13 PRINT 14.ATOM.TERM 
14 FORMAT(IH1.20X.2A6) 

IF (NCW .EQ. 0) GO TO 5 
IL e NWF - NINC 
CALL CCFCIB.IL) 
IF (FAIL) GO TO 8 

•i I L = NWF 

DO 7 1=1.4 
CALL CCF(IB.IL) 
IF (FAIL) GO TO 8 
CALL DIAG(ET.DELTAE.ID) 
IF (ABS(DELTAE/ET) .LT. l.E-6) GO TO 8 



10 

7 CALL ARRAY 
PRINT Q 

9 FORMAT(IHl.10X.40HC0NFIGURATION INTERACTION NOT CONVLRGING ) 

YTIME = TlMELEFT(TDUMMY) 
POINT oqoo. Y T I M F 

Qgqg FnDwAT(iHn.» i^ROM MAIN » EPO.S/) 
GO TO 6 

R CALL D D N T 

CALL FNERGY 
CALL RADIUS 
CALL OPTHO 
CALL RNCH 
READ 1O.NEXT.AT0M.7Z.(ACC(I). I=1.NWF) 

10 FORMAT(1X.I2iA6.F6.C.P0F3.1) 
IF (NEXT .EQ. 0) GO TO 11 
CALL SCALE(Z7) 
GO TO 13 

6 READ 12<NEXT 
12 FOPMATf Al ) 

IF (NEXT .EQ. ASTER) GO TO 1 
GO TO 6 
END 

S U B R O U T I N E D A T A ( N P ) 

L O G I C A L F A I L . R S C A N 
A T O M . T E R M . N W F 

2 
3 
H\l 

COMMON/TSOLVE/ITEST 
COMMON /CORE/ IB.EC(20) 
DIMENSION EK(20) 
EQUIVALENCE (EK(1).IND(1) ) 
READ 1 .ATOM.TERM.NWF.NCFG.NF.NG,NR.Z.RHO.H.NO« IORTHO, I TEST.NI TT 

1 FORMAT(2A6>5I3.3F6.0,16.313) 
IB = NWF - NITT+ 1 
I OR = in _ 1 

22 COMTIMUE 
IF (EOF.60) 70.71 

7^ CALL EXIT 
71 PRINT 2, ATOM. TERM. Z 

2 FORMAT(IH1///9X.33HHARTREE-F0CK WAVE FUNCTIONS FOR 2A6.5X. 
I 3H(7= .FA.O.IX.IH) //27X.13HC0NFIGURATION.15X.6HWE1GHT//) 
DO 3 1=1.NCFG 
READ 4.CONFIG.WT(I) 

4 FORMAT(2A6.Fin.8) 
T POINT 5 . I . C^NF IG.UlT ( I ) 

5 FORMAT(24X. I 2.6X.?a6.F19.8) 
PPI^'T f, 

6 FORMAT ( //9X .4HDATA . 1 4X . 1 3HWAVE FUNC T I ON , 4X . 1 7H I N I T I AL ESTI'.'ATFS. 



1 17X36HNUMBER OF ELECTRONS I N C O N F I G U P A T I 0 \ / 2 B X . 2 H " L , 4 X 5 H S I G " ' - . 
2 6X.5HE(NL).5X6HA7(NL).4X.3HACC.4X.3hOPT.6X 
3 26H1 2 3 4 5 6 //) 
NP = NWF + IORTHO 
DO 9 1=1.NP 
READ 7,EL(I).N(I).L(I).S(I).ED«AZD.ACC(I).INu(I). 
1 {0C(I,J).J=l.NCFG) 

7 FORMAT(a3.2I3.F6.2.2F9.6.F3.1.I3.6F3.0) 
PRINT 8.I.EL(I),S(I).ED.AZD.ACC(I).IND(I).(0C(I.J). J=1.NCFG) 

8 FORMAT(24X.12.1X.A3.F9.2.F11.4.F11.3.F6.1.I6»4X.6F?.0) 
IF (INO(I) .EO. 1) GO TO 9 
1̂  ( I . I ) = "̂ n 
A7(I) = AZO 

9 PSCAN = .TRUE. 
PRINT 10 

10 FORMAT(//9X.9HENERGY = 9X.12HE(AVERAGE) + //) 
NFG = NF + NG 
IF (NFG .EQ. 0) GO TO 13 
DO 20 1=1,NFG 
READ 11.CFG(I).X.KFG(I).IFG(I).NCI(I).JFG(I).NCJ(I) 

11 FORMAT(Fl2.R.A1.11.IX.212.IX.212) 
11 = IFG(I) 
12 = JFG(I) 

20 PRINT 12.CFG( I ) .NCI ( I ) .NCJ( I ) .X.KFG( I ) ,EL( I 1 ) ,EL( 12) 
1? FORMAT(26X.F14.e.3H»C( I 1 .4H)•C( I 1 .2H) A 1 . I ] . 1H( A3. 1H,A3, ]H) ) 
13 IF (NR .EO. 0) GO TO 17 

DO 14 I=1.NR 
READ 15.CR( I ).KR( I ). I 1R( I ) . I2R( I ) .NCRI 1 I ).J1R( I ) .J2R( I ) iNCRJ( I ) 

15 F0RMAT(F12.S.IX, I 1. 1X.3I2. IX.312) 
I 1 = I 1R( I ) 
12 = I2R(I) 
Jl = J1R(I) 

J2 = J2R(I) * 
PRINT 16,CR( I ) «NCRI ( I ) .NCRJ( I ).<R( I ) .EL( I 1 ) .EL( I 2)«EL(J 1 ) ,EL(J2) 

16 FORMAT(26X.FI4.8.3H»-C( I 1 .4H)»C( I 1 ,3H) R. I 1. 1H(2A3.1H.2A3.IH) ) 
R'=CAN( II) = .FALSE . 
RSCAN(12) = .FALSE. 
RSCAN(Jl) = .FALSE. 

14 RSCAN(J2) = .FALSE. 
17 CALL ARRAY 

CALL WAVEFN(NP) 
IF (NITT .EQ. 0 ) RETURN 
IF (IND(l) .EQ.l .AND.IB.NE. 1 ) GO TO 19 
IF ( IB .EO. 1) RETURN 
READ IB, (EK(I). 1=1.IBB) 

la FORMAT (=t-i6,8) 
RETURN 

19 DO 21 I = 1• IBB 
21 E<(I ) = Er( I ) 

RETURN 
END 
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SUBROUTINE ARRAY 
COMMON ATOM,TERM,NWF,Z. NP,H,NO<EL(20) <M(20) ,L(20 ) ,D( 100 ) .SU"(20 ), 

1 0D( 104 22),A(20.2 0,4),B(20,20,4),NF.NGtCFG( 10) ,KFG( 10)>IEG(IO), 
2 NCI(10),JFG( 10),HCJ(10),NR,CR( 10),<R( 10 ) . I IPC 1 0 ) , I 2^( 1O) , 
3 NCRI(10),J1R(10).J2R(10),NCRJ(10),NCFG.WT(6),QC(20,6)/COEFF/ 
4 CA(3,3).C3(4.4.4)/SCRAP/C,CC,CON,LI ,| I.NI .NJ, I I , IJ,NL.<L,NFR 
DAT;^ (((CA(I.J). 1 = 1,3), J=l,3) = .08, .03 17460317, .020512820?, 

1 0.0, .031746 0317,.013 986014,2(0.0) , .0179307871 ) , < ( ( (CB( I.J,K) , 
2 1 = 1,4), J = l , 4 ) , K=l,4) = . 5 , . 1666666667, . 1 , .0714285714,2( . 166666'^ 
3667),.0666666667,.042857 1429,.1,.066666666 7,.1,.04 285714?9,.0714Pa 
45714.2(0.0 4 28571429)..0714285714,5(0.0),.0666666667,.04 28 5714 29, 
5.03174 60317,0.0..0428571429..0PS571428•.01Q04 7619,0.0,.0317460317, 
62( .019047619) , 10(0.0) , .028571428,.0 2 164 50216,2(0.0),.02164 5n2I6, 
7.0 12QB70 1^,15(0.0),.0 16650 0167) 
DO 1 1=1 ,N1«'F 
SUM( I ) = 0 . 
DO 1 J= 1 ,N|W=-
DO 1 K=l,4 
A ( I ,J.K) = 0. 
B(I.J.K) = 0. 
DO 2 K =1.NCFG 
C = WT(K)»»2 
DO 3 1=1.NWF 
IF (0C(I.K) .EQ. 
LI = L(I)+l 
DO 4 J=1,NWF 
IF (QC(J,K) ,E0. 
LJ = L(J)+l 
IF (I .NE. J) GO 

0.) GO TO 3 

0.) GO TO 4 

TO 5 
CC = C»QC(I,K)»(OC(I,K) - 1.) 
A(I,I,1) = A(I,I, 
IF (LI .EO. 1) GC 
DO 8 KL = 2,LI 
A( I , I .KL) = A( I , I 

1 ) + CC 
1 TO 4 

,KL) - CC»CA(LI-1 ,KL-1) 
GO TO 4 

5 CC = C*OC(I.K)»QC(J.K) 
A(I.J.l) = A(I.J.l) + CC 
DO 9 KL =1.4 

9 B(I.J.KL) = B(I,J.KL) - CC*CB(LI.LJ,KL) 
4 CONTINUE 
3 =UM(I) = SUM(I) + C»QC(I.K) 
2 CONTINUE 

IF (NF .EO. 0) GO TO 10 
DO 11 I=1,NF 
K = KFG(I)/2 + 1 
NI = NCI(I) 
NJ = NCJ(I) 

CON = CFG(I)»WT(NI)#WT(NJ) 
I I = IFG( I ) 
I J = J'^G( I ) 
A(II,IJ,K) = A(II,IJ,K) + CON 

11 A{ I J. I I ,K ) = A( I J, I I ,K) + CON 
10 IF (NG .FO. 0) GO TO 12 
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1 3 
12 

NL = NF + NG 
Nî P = NF + 1 
DO 13 1= NFP.NL 
I I = IFG( I ) 
I J = JFG( I ) 
NI = NCI ( I ) 
NJ = NCJ(I) 

LI = L( I I ) 
LJ = L( I J) 

KL = (KFG(I) - IABS(LI - LJ))/2 
CON = CFG(I)•WTCNI)»WT(NJ) 
B(II,IJ,KL) = 8(II,IJ,KL) + CON 
B(IJ,II.KL) = B(IJ,II,KL) + CON 
DO 14 1=1,NWF 

14 

DO 14 J=1,NWF 

DO 14 K=1,4 
A(I,J,K) = A(I.J.Kl/SUMCI) 
R(I,J,K) = B(I,J,K)/SUM(I) 
RETURN 
END 

7 
10 

1 1 

13 

24 

S(JRROUTINE WAVEFN (NP) 
COMMON ATOM,TERM,NWF,Z.RHO,H,NO.EL(20),N(20).L(20),S(20).AZ(20). 

1 D(80),IND(20),E(rO,20).R(20 0),RR(200),R2(200),P(20.2 0 0 ) . 
2 Y ( 2 0 . 2 0 0 ) . Y K ( 2 0 0 ) . Y R ( 2 0 0 ) . X ( 2 0 0 ) . A T M ( 2 0 ) , T R M ( 2 0 ) , Z Z ( 2 0 ) 
DIMENSION MAX(20) 
EQUIVALENCE (MAX(1),D(21)) 
DO 1 I=1,N0 
R( I ) = EXP (RH0)/Z 
RR( I ) = P( I )»R( I ) 
R2( I ) = SORT (R( I ) ) % 
RHO = RHO + H 

RHO = RHO - FL0AT(NO)»H 
DO 9 I = I,NP 
MAX(I) = NO 
PN = HNORM(N(I),L(I),7-S(I)) 
IF (IND(I)) 7,8,9 

READ 10,ATM(I),TRM(I),M.Z2(I),(P(I.J).J»1,M) 
FORMAT(6X,A6.6X,A6.1IX,I6.F6.0/(7F11.7)) 

Z2 = Z/ZZ(I) 
DO II J=1,M 

P( I .J)= P( I,J)»Z2 
IF (M ,E0. NO) GO TO 24 
MAX(I) « M 
M = M +1 

DO 13 J=M,NO 
P(I.J) = 0. 
IF (I - NWF) 24,24,9 
DO 3 J=l,N0 
P(I,J) = PN»HWF(N(I).L(I).Z-SCI).R(J))/R2(J) 

IF (A7(I) .GT. 0.) GO TO 4 
FN = N(I) 
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A 7 ( n =PN*(2.»(Z-.6»S(I))/FN)»»(L(I) + 1) 
CALL YKF(1.1,0) 
no p j= 1,N0 

2 Y ( I , J ) = Y K ( J ) 
9 CONTINUE 

PR INT 14 
14 FORMAT( IHl .8X18HI NIT IAL ESTIMATES 

1 /10X2HNL.4X5HSIGMA.6X5HE(NL) .4X6HAZ(NL) .4X13HWAVE FU^.'CTION //) 
DO 15 I = 1.NWF 

IF (E(I,I) .NE. 0.) GO TO 22 
FN = N(I) 
E(I.I) =( ( Z-C( I ) )/FN)»»2 + 2 •*S ( I )»QUAi-iR( I , I ,-1 ) -EK I N ( I , I ) 

22 IF (IND(I)) 16,17,18 
17 PRINT 19,EL(I)<5(I),E(I,I),A7(I) 
19 F0RMAT(9X.A3,F9.2,F11.3,F10.3.4X.19HSCREENED HYDROGENIC) 

GO TO 15 
16 PRINT 20.EL( I ) ,S( I ) ,E( I , I ) .AZ( I ) ,ATM( I ),TRM( I ) 
20 FORMAT(9X,A3,F9.2,F11.3,F10.3,4X, 8HSCALtD A6 •A6) 

GO TO 15 
18 PRINT 21,EL(I),S(I),E(I.I).AZ(I).ATOM.TERM 

21 F0RMAT(9X.A3,F9.2.Fl1.3,F10.3,4X,1IHSAME AS FOR A6,A6) 
15 CONTINUE 

RETURN 
END 

FUNCTION HWF(N,L.Z,R) 
FN = N 

3 

4 

2 

M = 

K = 

K 1 =K 
M 1 =M 

P = 

A = 
B = 
C = 
X = 
I F 

DO • 
P = 
A = 
B = 
C = 

HWF 

N + L 
N - L - 1 

1 . 
1 . 
K l 
M l ' 
- 2 . » Z » R / F N 

( K l ) 1 . 2 . 3 
* I = 1 . K l 

1 . + A / B » P / C » X 
A + 1 . 
B - 1 . 
C - 1 . 

= P » E X P ( X / 2 . ) - -X)»«(L+1) 

RETURN 

1 PRINT 7 .N.L,7,R 

7 F0RMAT(51H FORBIDDEN COMBINATION OF N AND L IN HWF SUBPROGRA"/ 
1 4H N = 14.6H L = 14,6H 7 = F6.1.6H R = F8.4) 
YTIME = TlMELEFT(TDUMMY) 
PRINT 9999, YTIME 

9999 F0RMAT(1H0,» FROM HWF » E20.a/) 
STOP 
END 
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F u M n ION 

+ L 
HM0RV(N,L,7) 
* 1 

FN = N 
V = '/ - 1 

I "̂  (•'I .'^O. 0 ) GO TO 2 
no 1 I = 1,M 
A = A - 1 . 

B = ^ -1 . 
T = T»A 
O = D*P 
HNORM = SORT (7*T)/(FN»0) 
RC-Tl IRN 
FND 

FUNCTION QUADR(I,J,KK) 

COMMON DD(3),Z,NP,H,NO.EN(40),L(20),D0D(60),MAX(20),Dx(460)• 
1 R(200),RR(400),P(20,200) 
H3 = H/ 1 ,=; 
K = KK + ? 

DEN = L ( I ) + L ( J ) + 1 + K 
FACT; (l./FLOAT(L(1)+l)41./FL0AT(L(J)+l))/(DcN+l.) 
D = R( I , 1 ) •P( J, 1 ) •RC 1 ) «»K» ( ( 1 .+7»R ( 1 ) •FACT )/(rEN»H-> ) *.=• ) 
M = MAXO (MAX(I),MAX(J)) - 1 
DO 1 JJ 
JP = JJ 
D = D + 
OUAOR = 
Ri^TuRN 

,M, 
1 

2.•PCI,JJ)*P(J,JJ)»R(JJ)»*K+P(1,JP)*P(J,JP)»R(JP)»«K 
n*H3 
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SUBROUTINE YKF(I,J,K) 

COMMON ATOM,TERM,NWF,Z, NP.H,NO.EL(20)<N(20).L(20),D(60)>MAX(20), 

1 DD(460),R(200).RR(200).R2(200).P(20.200),Y(20,200),YK(200) 

CALL 7K(I,J.K) 

C = EXP(-H) 

A = 4,»C»*(K+1) 

AA = A»A/16. 
0 = ?»K+I 

H3 = C*H/3. 
Fl = YK(NO) 
F2 = YK(N0-1) 
DO 9 MM = 3,N0 
M = NO -MM+1 
F3 = YK(M) 
YK(M) = YK(M+2)*AA + H3»(F3 + A*i^2 + AA»F1) 
Fl = F2 

9 F2 = F3 
IF (lApS(I-J) + K .NE. 0) GO TO 10 
MX = MAX( I ) 
IF (MX .GF. NO) GO TO 13 
MO = MX + 1 
DO 14 M = MO,NO 

14 YK(M) = 1. 
13 A = (1, - YK(MX))/FLOAT (MX) 

DO 15 M = 1,MX 
FM = M 

15 YK(M) = YK(M) + A»FM 
10 RETURN 

END 

SUBROUTINE ZK(I.J.K) 
COMMON ATOM,TERM,NWF,Z.NP.H.NO.EL(20) .N(20) ,L(20) ,D(540) ,R(200) 

1 RR(200),R2(200).P(20,200),Y(20,200)•YK(200) 
DEN = LCI) + L(J) + 3+ K 
FACT= C 1 ./FLOATCLC I ) + l ) + l ./FLOAT CLCJ) + 1))/CDEN-H.) 
DO 1 JJ = 1,2 

1 YKCJJ) = RR(JJ)•?( I ,JJ)»P( J, JJ)/DEN»( 1 .+ Z»R( JJ)•FACT ) 
C = EXP (-H) 
H3 = H/3. 
A = C**t< 
AA = A»A 
A = 4.•A 
F1 = RR( 1 )•P( I , 1 )•PC J, 1 ) 

F2 = RRC2)•PC I,2)^P(J,2) 
DO fl M = 3,N0 
F3 = RRCM)^PC I ,M)•PC J,M) 
YKCM) = YKCM-2)^AA + H3^CF3 + A»F2 + AA^Fl) 
Fl = F2 

8 F2 = F3 , 
RETURN 
END 
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11 

20 

SUBROUTINE cCFClg,IL) 
LOGICAL FAIL 
COMMON ATOM,TERM,NWF,Z.DDC 143) .CPVC 20)/TEST/FA IL 

CALL GRANGE 
PRINT 1 
F O R M A T ( / / / / 3 0 X . 2 H E D , 1 5 X , 3 H A Z D , 1 0 X , 5 H P N O R M ) 
72 = 2,'^-7* = 0RT(7^FL0AT(NWF ) ) 

'-'0 •< J = 1° , I L 
CALL '=OLV'^(J) 
IF CF.'. IL) GO TO 2 0 
CONT INU=^ 
ir = IL + 3 -IS + CCIL - I3)»»2)/e 
DO 6 I = 1,8 
^0 7 I I =1 . I C 
0 = 0. 
DO = J=IF.IL 
IF (D .GT. DPM(j)) GO TO 5 
JJ = J 
D = DPM(J) 
rONTINU^' 
IF cn .LT. 7?) '"-O TO 11 
CALL =OLV'^(JJ) 
11̂  (FAIL) GO TO 20 
CONTINUE 
CALL GRANGE 
PRINT I 
D = 0. 

DO fl J=IB,IL 

CALL SOLVE(J) 
IF (FAIL) GO TO 20 
n = AMAXl(D,DPM(J)) 
IF CP .LT. 72) GO TO 20 
72 = 72 + 7? • 
PRINT 10 
FORMATCIHl,20X,30HSCF ITERATIONS NOT C0NVC=3ING ) 
YTIVE = Tl M=^LEFT C TDUMMY ) 
PRINT 9999. YTIME 

I FORMATCIHO.* FROM SCF • E20.8/) 
FAIL = .TRUE. 
RFTURN 
•^ND 



IF GRANGE 
OM.TERM.NWF.Z.NP.DDC22).NC20)•LC20),DUD(60),MAX(20), 
I ) .SUM(20) .EK(20).E(20,20).R(600) .P(20.200)/SCRAP/D,DI,D^ 
QJ.MX.G 
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SUBROUTINE GRANGE 
COMMON AT 
1 DPM(20 

' IL,01,QJ,MX,G 
COMMON /CORF/IB,ECC20) 
IFCNWF ,EQ. 1 .OR. IB .EQ. NWF ) GO TO 1 .j 
DO 2 I= IB , NWF ! 

IL = I-l 

DO 3 J=l , IL 
IF CL(I) .NF. LCJ)) GO TO 3 
IF (NCI) .EQ. NCJ)) GO TO 3 • 
Q I = =;uMC I ) j 
Qj = "^UMCJ) 1 
IF (ABS(QI-QJ) .LT. l.E-6) GO TO 3 J 
MX = MAXO(MAX(I),MAXCJ)) ^ 
D = QUADRCI,J.O) J 
IF (J. L T.I B) GO TO 10 '] 
DO I 1 K = 1 .MX •; 

11 P(I.K) = P ( I . K ) - D^P(J.K) 

DI = SQRT(OUADR( I , I ,0) ) 
DO 12 K = 1,MX 

12 P(I,K) = P ( I , K ) / D I 
GO TO 13 

10 D = -D/Cl./OI + 1./OJ) 
DI = D/QI j 
DJ = D/QJ : 
DO 4 K=1,MX j 
PCJ,K) = PCJ,K) + DJ^PCI.K) j 

4 P ( I , K ) = P ( I , K ) + D I ^ P ( J , K ) j 
DI = SQRTCOUADRCI,I,0)) 
DJ = SQRTCOUADRCJ.J.O)) 
DO 5 K=l,MX 
PCI,K) = P(I,K)/DI 

5 P(J,K) = P(J,K)/DJ 
13 G = ( E K I N C J . I ) - EKINCI,J))/(0J -01) 

E(I,J) = G^QJ 
E(J,I) = G^QI 

3 CONTINUE 
2 CONTINUE 

PRINT 6 

6 F0RMATC//10X.28HMATRIX OF ENERGY PARAMTERS 
00 7 I = 1,NWF 

7 PRINT 8,CECI,J), J=1.NP) 

FORMAT ClOX,10F12.6/10X,10F12.6) 8 
1 RETURN 

END 
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FUNOTION F<IM( I , I I ) 

COMMON ATOM, TERM, NWF , Z . NP,H,NO,DC600) >RC200) .«R(200 ) ,32C.?-0) , 
1 P(^O,2O0),YC20,?r>'^),VK(200).YRC2"C)«XC2OO) 
'ALL XC-iC I , ?) 
CALL 1̂ 0 TLC I ) 
DO 1 J=l,N0 
YKC J) = VD( J ) 
VD(J) = O(II.J) 

EKIN =2.•QUADSC I , I I , 1 ) + QUADC I I .NO . YR.X ) 
R^'TURN 
END 

CIIBROUTINF COLVECI) 

LOGICAL FAIL 
COMMON ATOM,TERM,NWF,Z, NP.H. 
\_ ' 'Kt I ^ I- L. "̂  " 1 L 

COMMON ATOM,TERM,NWF.Z, NP.H.N0,EL(20)«N(20),L(20).C(2O),AZC20). 
1 ACC(20).MAX(20).DPM(20).D(4C),E(20,20).C(200),RR(?00),R2(200), 
? P(20,2nO),Y(20.20r) , Y K ( 2 0 0 ) . Y R ( 2 ' ^ 0 ) •XC2"i0).PDEC2O0),DDC6T'). 
•> i^D. A7n/TFST/FA IL 
COMM0^J/TSOL^'E/I TEST 
CALL POTL C I ) 
CALL XCHC1,3) 
Fn = F ( , , , , 

A7n = A7 C I ) 
Al = 0 . 
osi] = n. 

DERI = n. 
FN = NCI) 
FL = LCI) 
RJ = C3.^FN»FN - FL^(FL+1.))/(2.^(Z 
NJ =ALOG (RJ/R(1))/H - 2. 

ETOL = .000001^(Z - S(I))**2 • 
RTOL = .0C00'^1*FN 
\/ = Y R ( 1 ) /R C 1 ) 

.- = 4,^FL +6. 
ON = CP.^Z/FN)••CL(I) +1) 
CD = CFL + .'=)*^2 
OO 2= J = 1,N0 
YKCJ) = -2.*(Z-YRCJ))•RCJ) + CD 

) /r 
) /r 
- 1 

• H / 1 2 . 
X C 1 ) 

XC ? ) 

J = 2,ND 
X C J+ 1 ) 
=CH^cxi + I0.»x2 + x3) 

SCI))) 

09 

XX = X C 1 
XP = X c ? 
MD = NO 
CH = 
XI = 
X? = 

no 1 
Y3 = 
XC J) 
VI = 
V2 = 
IF C IT 
IF CED .LT 
00 16 NA = 

YT 

f.T lEO. 1) GO TO 99 
, .9) GO TO 31 
1.10 
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DO 13 NCOUNT = 1,10 
P3 = C V + V + ED - CZ/FN)»^2)/C 
B4 = Z^CFL+1.333333)/CCFL+1.)^(FL+2.)) 

no 5 J = 1,2 
HM = HWF(N(I).L(I),Z,R(J))/CN 

5 PDE(J) = A7D^(HW + RCJ)«^(L(I)+3)^B3^(1.-°(J)^B4))/R2(J) 
PDEC1) = ODEC1) + XX 
PDE(2) = PDE(2) + XP 
DO 6 J=1,N0 

6 YRCJ) = CYKCJ) + ED*RRCJ))^CH 
CALL NMRVSCNJ,DELTA,M,PDE,X) 
PNORM = QUADCI,M,PDE,PDE) 
Yl = ODECNJ-1) 
Y2= PDECNJ) 
Y3 = PDECNJ+1) 
DELTA = CY2 - Yl ) + C Y2 - Y3 ) + 1 0 . • YR C N J ) »Y2 + Y" C ̂! J-1 ) »Y 1 + 
1 YR(NJ+1)^Y3 + X(NJ) 
DELTAE = Y2»DELTA/(H^PN0RM) 
ED = ED - DELTAE 
IF CED .LT. 0.) ED = .8»CED + DELTAE) 
IF CABSCDFLTAE) .LE. ETOL) GO TO 12 

13 CONTINUE 
PRINT P? 

22 FORMATC//50H ENERGY ITERATION IN SOLVE ROUTINE NOT CONVERGING 
FAIL = .TRUE. 
RETURN 

12 PN2 = SORTC PNORM) 
DER2 = CAZD - A1)/(PN1 - PN2) 
IF (DERI .EQ. 0.) DERI = DER2 
A7(I) = AZD + (PN2 - l.)»(DERl + DER2)/2. 
IF (AZCI) .GT. 0.) GO TO 35 
A7 C I ) = .a^AZD 
Al = 0. 
PNl = 0. 
DERI = 0, 
GO TO 36 

35 Al = AZD 
PNl = PN2 
DERI = DER2 

36 AZD = AZCI) 
IF CABSCPN2 - 1.) .LE. PTOL) GO TO 51 

16 CONTINUE 
31 CALL SOLVESCI,XX,XP,V,NJ,M) 

MAX(I) = M 
C=AMAX1(.5,ACC(I)) 
AZ( I )=C^A7( I ) + ( 1 . - O ^ A Z D 
CALL PADJ(I,AMAXl(.5.ACC(I))) 
RETURN 

51 MAXCI) = M 
CALL PADJCI.ACCCI)) 
PRINT 14.ELCI),ED.AZD.PN2 

14 FORMATC 20X,A3.2F15.7.F12.7) ' 
RETURN 
END 



21 

SUBROUTINE SOLVESCI,XY,XP.V,NJ,M) 
DIMENSION ZEROC200).HQC200) 
LOGICAL FAIL 
COMMON ATOM, TERM, NWF , Z , NP , H , NO , EL ( 20 ) ,N ( 20 ) .L( 20 ) . W( 54 0 ) ."'(200 ) , 

1 RR(200),R2(200),DD(8 000),YK(200),YR(200),XC200),PDEC200). 
2 XXC200),01(200).Q2C200),ED,AZD/TEST/FA I L 
EQUIVALENCE (PDE.HQ) 
DATA ((7EO0CI), 1=1.200)= 200(0.0)) 
FN = NCI) 
FL = LCI) 
C = 4.»FL +6. 
CN = (2.^Z/FN)••(L(I) +1) 

CH = H»H / 1 2 . 
DO 26 J = 1,N0 

?6 YRCJ) = (YK(J) + ED*RR(J))^CH 
3 B 3 = C V + V + E D - CZ/FN)^«2)/C 

B4 = Z^CFL+1.333333)/((FL+1.)»(FL+2.)' 
DO 5 J = 1,2 
HW = HWF(N(I),LCI),Z,R(J))/CN 

5 HQCJ) = AZD^CHW + RCJ)»^CLCI)+3)•B3^(1.-P(J)^84))/R2(J) 
CALL NMRVSCNJ.DELH,MH,HQ,ZERO) 
01(1) = HQ(1) + XY 
01(2) = H0(2) + XP 
CALL NMRVSCNJ,DEL1.Ml,01,X) 
AP = -DELl/DELH 
M = MAXO CMH,M1) 
DO 7 J = 1,M 

7 OICJ) = QICJ) + AP^HQ(J) 
XI = 01(1 )^RR( 1 ) 
X2 = 01(2)^RR(2) 
Q2C1) = Xl/C 
02C2) = X2/C 

00 8 J = 3,NO • 
X3 = OICJ)•RRC J) 

xx(J-l)= (10.•X2 +CX1+X3))»CH 
XI = X2 

8 X2 = X3 
CALL NMRVSCNJ.0EL2.M2,Q2«XX) 
AA =-DEL2/DELH 
M = MAXO CM.M? ) 
DO 9 J = 1.M 

9 Q2CJ) = Q2CJ) + AA»HOCJ) 
A2 = QUAD C I ,M,Q1 ,01 ) • 
A3 = QUAD CI ,M,01 ,Q2) 

A4 = QUADCI,M,02,02) 
D = A3*A3 + AA^Cl. - A2) 
IF CD .GE. 0.) GO TO 41 
ED = ED + A3^C1. - SORT CA2))/A4 
PRINT 62 

62 FORMATC///20X.35HFAILURE IN SOLVES ENERGY ADJUSTMENT ) 
YTIME = TlMELEFT(TDUMMY) 
PRINT 9999. YTIME 

9990 F O R M A T ( 1 H O . ^ F R O M S O L V E S • E20.8/) 

FAIL = .TOUF. 



0 . 
0 . 

GO 

) GO 
) GO 
TO 4E 

TO 
TO 

1 

4 8 
1 8 
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RETURN 
41 D = COOT (D) 

BETAl = (-A3 + D)/A4 
BETA2 = (-A3 -D)/A4 
DEI = BETA1^A3/CAA^BETAl + A3) 
DE2 = BETA2^A3/CA4^BETA2 + A3) 
Yl = 01C1) + BETA1^02C1) 
Y2 = niCl) + BETA2^Q2(1) 
BETA = BETAl 
DELTAE = DEI 
IF (Yl ,GT. 0. .AND. Y2 .LE. 
IF (Yl ,LE. 0. .AND. Y2 .GT, 
IF (ABS(DEl) .LT. ABS(DE2)) 

18 °ETA = BETA2 
DELTAE = DE2 

48 ED = ED + DELTAE 
YY = AZD^(1. + AP + BETA«AA) 
PN = SORT (A2+ BETA»(A3+A3+BETA^A4)) 
DO 35 J = 1,N0 

35 PDE(J) = (Q1(J)+ BETA^Q2CJ))/PN 
AZD = YY/PN 
PRINT 31,EL(I)<ED,AZD,PN 

3 1 FORMATC20X.A3.2F15.7,F12.7,1H^) 
RETURN 
END 

SUBROUTINE PADJCI,C) 
COMMON DC6),NO,DDC 120) ,MAXC 20),DPM(20),EK(40) ,E(20,2 0),R(400)• 

1 R2C200),PC20,200),YC20,200),YKC200)>YR(400),PDE(200),XX(600), 
2 ED,AZD 

MI = NO 
IF CC .EQ. 0.) MI = MAXCI) 
DOMCI) = 0. 
DO 1 J = 1,MI , 
DLFF = PC I,J)-PDEC J) 
D P M ( I ) =AMAX1 ( D P M C n . A B S C D I F F ) # R 2 C J ) ) 

1 P C I . J ) = P D E C J ) + C ^ D I F F 
I F CMI . E Q . NO) GO TO 6 
M = MI + 1 

DO 4 J = M . N O 
4 P C I , J ) = 0 . 

IF C C .EQ. 0.) GO TO 8 
PNORM = SORT CQUADRCI,I,0)) 
DO 10 J=1,MI 

10 PC I,J) = PC I,J)/PNORM 
CALL YKFC1,1,0) 

DC 11 J=1,N0 
11 YC I ,J) = YKC J) 

ECI,I) = C^ECI.I) + (1. - C)*Eb 
RETURN 
END 
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FUNCTION 0UAD(I,M,X,Y) 
DIMENSION XC200).YC200) 
COMMON DDC 5 ) ,H,NO,El C 20 ) ,NC20) ,LC 20 ) «DDD C 740) ,'̂ RC 20n ) 
FL = LCI) 
D = 1.5/CFL+3.)/H 
QUAD = R R C l ) ^ XC1)»Y(1)»( D -.5) 
DO 1 J = 2.M.2 
QUAD = QUAD + 2.^RR(J)»X(J)•¥(J)+ RRCJ-1)*XCJ-1)*YCJ-1) 
QUAD = OuAD^H/1.5 
RETURN 
END 

SUBROUTINE POTLCI) 
COMMON ATOM.TERM.NWF.Z,RH0,H.NO.ELC20) ,NC20) ,LC20) ,D(5140) . 
1 Y(20,200),YK(200),YR(200),DDC1002)«AC20,20,4) 

DO 1 J=1,N0 
1 YR C J) = 0. 

LI = L C I ) 
DO 2 J=1,NWF 
IF (A(I,J,1) .EQ. 0.) GO TO 2 
DO 3 JJ = 1,N0 

3 YRCJJ)= ACI,J,1)•YCJ,JJ)+ YRCJJ) 
4 DO 5 K = 2,4 

C = AC I .J.K) 
IF (C .EQ. 0.) GO TO 5 
CALL YKFCJ,J«2»K-2) 
DO 7 JJ=1.NO 

7 YRCJJ) = YRCJJ) + C^YKCJJ) 
5 CONTINUE 
2 CONTINUE * 

RETURN 

END 
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14 
1 3 

12 

1 1 
10 
4 
1 6 
18 

17 
5 

SUBROUTINE XCHCI.IOPT) 
LOGICAL FAIL.RSCAN 

COMMON ATOM,TERM,NWF,Z, NP,H,NO.EL(20)<NC20),L(20),DC 100) •SUMC 2^ ) 
1 EKC20).EC20.20),PC200),RR(200),R2(200),PC20.200),YC20,200), 
2 YK(200),YR(200) ,XC200) .DD(2402) >B(20.20.4),DDD(62) .NR.CR( 10) , 
3 KR(10).I1R(10),I2RC10).NCRIC 10),J1R( 10).J2«( 10),NCPJ( 10 ) •NCFG. 
4WT(6)/TEST/FAIL.R5CANC20) 

"" 1 J=l.NO 
1 

DO 
X ( J) 
DO 2 
DO ? 

= 0. 
J= 1 .Nl. 
K= 1 .4 

TO 
-1 ) + IABS(L(I) - LCJ))) 

: ) ) 

C = n(I.j.K)»2. 
IF CC .FO. 0.) GO 
CALL YKFC I .J.2^ CK 
DO 6 JJ =1.NO 
XCJJ) = XCJJ)+ C^YKCJJ)•PC J,JJ) 
CONTINUE 
CONTINUE 

IF CRSCANCI)) GO TO 4 
DO 10 I 1 = 1 ,NR 
Nl = NCRI C I I ) 
N2 = NCRJC I I ) 

C = WT CNI ) •i.yTC N2 ) •CR ( I I )/SUM ( I ) 
DO 11 12=1,2 
DO 12 I 1 = 1 ,2 
IF ( I 1R( I I ) .NE. I ) GO TO 13 
CALL YKF( I2R( I I ) .J2R( I I ) ,KRC I I 
M = Jl R C I I ) 
DO 14 J=l,N0 
XCJ) = XCJ) + C*PCM,J)•YKCJ) 
III = I IRC I I ) 
I IRC I I )= I2R( I I ) 
I 2R( I I )= III 
III = JIRC I I ) 
JIRC I I ) = J2RC I I ) 
J2RCII) = III 
III = I 1R( I I ) 
I 1R( I I ) = JIP( I I ) 
JIRC I I ) = III 
III = I2PC I I ) 
I2RC I I )= J2RCI I ) 
J2RC I I )= III 
CONTINUE 
GO TO C15,16,17) 
DO 18 J = 1,N0 
XCJ) = XCJ)/RCJ) 
GO TO 15 
DO 5 J =1,N0 
XCJ) = PC J)•XC J) 
no 7 J = 1,NP 
C = EC I,J) 
IF CC .EQ. 0. 

DO 9 JJ = 1.NO 
XCJJ) = X C JJ) 

lOPT 

.OR C J EQ. I)) GO TO 7 

C*PC J,JJ)^RR C JJ) 
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7 CONTINUE 
15 RETURN 

END 

SUBROUTINE NMRVS(NJ,DELTA,M,PDE,X) 
DI MENS I ON PDE(200) .X(200) ,A( 100) .D( 100) 
COMMON ATOM,TERM,NWF.Z.RHO.H.NO.DD(940 0) ,YRC 200)/SCRAP/A,D 

C = H^H/12. 
TOL = .OOOOOOl^Z 
Y1 = PDE C 1 ) 
Y2= PDEC2) 
Gl = YRC1) 
G2 = YRC2) 
M = NJ + 1 
DO 1 I = 3,M 
G3 = YRCI) 
Y3 = (Y2+Y2-Y1 + (10.»G2»Y2 + G1»Y1) + X(I-l)) / (1. - G3) 
PDFCI) = Y3 
Yl = Y 2 

Y2 = Y3 
Gl = G2 

1 G2 = G3 
DELTA = Y3 
K = 1 
PDECM) = - C l . - Gll^Yl + XCM) 

G = G3 
A( 1 ) = 1. - G 
DCl) = - ( 2 . + 10.•G) 

22 RATIO = ACK)/DCK) 
IF CK .GE. 99 .OR. M .EQ. NO) GO TO 20 
K = K +1 * 
M = M+1 

G = YR( M ) 
ACK) = 1. - G 
DCK) = - C 2 . + 10.•G) - ACK)^RATIO 

PDECM) = -PDE(M-1)»RATIO + XCM) 
IF CABS (PDECM))- TOL ) 20,20,22 

20 ED = SORT (G/C) 
CON = EXP (-H^ED) 

PDE(M) = PDE(M)/(D(K) + CON^Cl.- VRCM+1))) 

J = M+1 
DO 2 1= JiNO 

2 PDFCI) = 0. 
DO 3 J = 2,K 
I = M-J+1 
I I = K-J+1 

3 PDECI) = CPDEC I )-A( I I + l )»PDF( I + l ) )/D( I I ) 

DELTA = DELTA - PDECI) 

RETURN 

END 
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TO 5 

TO 6 

.II) -
TO 5 

I M 
L I 
DO 
CC 
IF 

COMVOM /COOF/ IB, FCC 20) 
DO 1 I = IP, NWF 

1 EKC I ) = -.c^CEKINC I , I ) 
DO 2 11=1.MCFG 
DO 3 JJ=1,NCFG 

- ETC I I . JJ) = 0. 
DO 5 I =l,Mi.,F 
C = OCC I . I I ) 
IF CC .EO. 0,) GO 
FTC I I . I I ) = ETC I I . I I 
LI = L(I) 
IF (LI .F 0. 0) GO 
DO 7 K = 1,LI 

7 FTC I I , I I ) - FTC I I 
6 IF (I ,FO. 1) GO 

= I-l 
= LI + 1 
8 J=l.IM 
= C»QC C J. I I ) 
C CC .EO. 0. ) GO TO 

ETC I I . I I ) = ETC I I , I I ) 

L J = L C J ) + 1 

DO 9 K=1.4 
CCC = CBCLI.LJ.K) 
IF CCCC .EO. 0.) GO 

9 ETC I I , I I ) = ETC I I 
8 CONTINUE 
5 CONTINUE 

2 CONTINUE 
IF CNF .EO. 0) GO 
DO 11 1=1.NF 
Nl = NCICI) 
N2 = NCJ C I ) 
CONT = .5+CFGCI) 
ETCNl .N2) = ETC Nl .N2) 

11 ETCN2.N1) = ETCN2.N1) 
10 IF CNG .FO. 0) GO 

NFP = NF+1 
NL = NF + N-G 
DO 13 I=NFO.NL 
N 1 = NC I C I ) 
N? = NCJCI) 
CONT = .B^CFG C I ) 
ETCNl,N2) = ETCNl,N2) 

13 ETCN2.N1) = ETCN2,N1) 
12 IF CNO .FT. 0) GO TO 

DO 15 I =1,ND 

E ( I , I ) ) 

C^EK(I) +.5^C^(C-1 . )^FK( I , I ,0 ) 

CA(LI,K)*C^(C-1.)^FK(I,I.2^K)•, 

8 
+ CC^FK(I.J,0) 

TO 
i l l ) • 

8 

CC^CCC»GKCI,J,2^CK-1)+ lAESCLI •I I) ) 

TO 10 

CONT 
CONT 

•FKCIFGC1),JFGCI),KFGCI)) 

TO 12 

+ 
+ 

14 

CONT . 
CONT 

•GKCIFGC1).JFGCI),KFG(I)) 
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Nl = NCRICI) 
N2 = ^'CRJC I ) 

CONT =.5^CO(I) •RK( I IRC I ) , I2PC I ) , JIRC I ) , J2-C I ) , '-C I ) ) 
ETCNl.N2) = ETCNl,N2) + CONT 

IE ETCN2,N1) = ET(N2,N1) + CONT 
14 IF (NCFG .EQ. 1) GO TO 37 

IF CID .GT. 0) GO TO 38 
ETRPEV = 0. 
DC 30 I I=1 ,c 
ETL = 0. 
DO 16 1=1.NCFG 
CONT = O. 
DO 17 J=l.NCFG 

17 CONT = CONT + WTCJ)^ET(I.J) 
16 ETL = ETL + W T C n ^ C O N T 

00 IB 1=1.MCFG 
DO 19 J= 1 . ̂ 'CFG 

19 XC I .J) = ET C I .J) 
18 XCI.I) = X C I . I ) - ETL 

W T C 1 ) = 1 . 
LIT C2 ) = -XC 2. 1 ) /X(2.2 ) 
IF CNCFG .FQ. 2) GO TO 20 
NM = NCFG -1 
DO 2 1 I=2.NM 

IP =1+1 
DO 21 J=IP,NCFG 
RATIO = XC J. I )/XC I , I ) 
no 53 <=1 ,NCFG 

23 XCJ,K) = X C J , K ) - RATIO»XCI,K) 
21 CONTINUE 

WTCNCFG) = -XCNCFG,1)/XCNCFG.NCFG) 
DO 24 I = 2,NM 
J = NCFG -I+l % 
JP = J+1 
WT C J)= -XC J, 1 ) 
DO 25 K = JO,NCFG 

= WTCJ) - XCJ,K)^WTCK) 
= WT C J)/XC J,J) 
I=2,NCFG 
= "IT C 1 ) + WT C I ) ••2 
= 1./SQRTCWTC1)) 
1=2,NCFG 
= WT C I )^WT C 1 ) 

IF CABSCCETPREV-ETL)/ETL) .LT. l.E-5) GO TO 31 
30 ETPPEV = ETL 

PRINT 4 0 
40 FORMAT C///I OX ,47HMATP I X D I AGONAL I Z A T I ON PROCtiDURE '-lOT CONVERGING ) 

YTIME = TlMELEFTCTDUMMY) 
PRINT 9999, YTIME 

9999 FORMATCIHO,^ FROM DIAG • E20.e/) 
DELTAE = 0. 
GO TO TT 

31 DELTAE = E"''L -ETOTAL 
33 ETOTAL = ETL 

2 5 
2 4 
2 0 
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2 7 

W T C J ) 
W T C J ) 
DO 2 6 
'.'TC 1 ) 
'HT( \ ) 
DO 2 7 

H' T C I ) 
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ENERGY = FIB.8 ) 

3HENERGY MATRIX ) 

PRINT 32.ETOTAL 
32 FORMATC//lOX.15HT0TAL 

TO DPI^lT 34 
34 FORMAT(/20X.6HWEIGHT, 1 OX 

DO 35 1=1.NCFG 
3r PRINT 36.I,WTCI),CETCI,J)« J«1.I) 

36 FORMAT c 1 OX, I5,F10.5,5X,6F15.6) 
RETURN 

37 ETOTAL = ETC 1 , 1 ) 
DELTAE = 0. 
PRINT 32.ETOTAL 
RETURN 

38 DELTAE = 0. 
ETOTAL = ETC 1 . 1 ) 
GO TO 39 

END 

FUNCTION FK(I.J.K) 
COMMON D(6),NO,DDC5200),YC20,200),YKC200) 

IF CK .NE. 0) GO TO 1 
DO 3 JJ=1,N0 
YKC JJ) = YC I ,JJ) 
GO TO 4 
CALL YKFCI»I,K) 
FK » OUADSCJ.J»1) 
RETURN 

END 

FUNCTION GKII,J«K) 
CALL YKF(I,J,K) 
GK = QUADS(I,J«1) 
RETURN 
END 

FUNCTION OUAOS(I,J.KK) 
COMMON DD(3) .Z,NP.H.NO.EN(40) , L(20) >ODDC60) ,MAX(20) .DX(460 ) . 
1 RC200) .RRC200) .R2C 200) ,PC 20,2 00) ,YC20,200),YKC200) 
DEN = LCI) + LCJ) + 3 
H3 = H/l,5 
CD=1.5^C l.+Z^RC 1 )^C1./FLOAT CL( I )+1 )+1 ./FLOAT CL(J)+1))/(DEN+1.)) 
< = 2 - KK 
D = YKC1)^PCI,1)^PCJ,1)*RC1)••K^C CD/CUEN^H) +.5) 
ND = MAXO CMAXCI),MAX(J)) - 1 
DO 1 M =2.ND,2 
MM = M+1 

1 D = D + 2.^VKCM)•PCI.M)»P(J.M)^R(M)••K +YKCMM)•P(I.MM)»p(j,MM)» 
1 R(MM)••K 
QiJADS = 0 + H3 
RETURN 
END 



29 

FUNCTION RK( I ,J, I I ,JJ.K) 
CALL YKF( I , I I .K) 
RK = OUADSC J. JJ, 1 ) 
RFTi IRN 

FNO 

SUBROUTINE PRNT 

COMMON ATOM,TERM,NWF,Z,NP,H,N0,£L C 2") .LC 1 00 ) .MAX C 2r ) 
1 DD C 440 ) .RC 200 ) .PR C 200 ) ,R2( 200 ), P( 20,200 )/SCRAP/ I i.'i 
READ 1,NPAGF 

1 FORMAT(13) 
no 2 I = 1,NPAGE 

READ 3,NCOL.(IWFCJ). J=1.NC0L) 
T FORMATCftl'') 

MX = 0 
DO 4 J = 1.NCOL 
I J = I WF C J ) 

MX = MAXOCMX.MAXC I J) ) 
PRINT 5,ATOM,TERM 

5 FORMATC 1 HI ,9X19HWAVE FUNCTIONS FOR 

no 7 JJ= 1,NCOL 
I J = IWFCJJ) 

7 OUTC JJ) = FL C I J) 
PRINT B i C O U T C J ) , J=1,NC0L) 

8 FORMATC17X1HR, 5(15X,A3)) 
K = 0 
KK = 0 

DO 6 J = 1,MX 
DO ° JJ= 1,NCOL 
I J = IWF( JJ) 

Q OUT(JJ) = R( I J,J)•Q2( J) 1 
K = K +1 

L E . 10) GO TO 6 

-OMC20) , 
" (5 ) .O.T(-) 

2A6 //) 

IF 
K = 
KK 
IF 
KK 

(K 
1 

= KK 
( KK 

= 0 

+ 1 
.LT. 5) GO TO 21 

PRINT 2T 

JT FORMAT C 1 H 1/// ) 

GO TO 6 
2 1 PRINT 18 
18 FORMAT(IX) 
6 PRINT 10.RCJ).COUT(JJ).JJ=1.NCOL 
10 FORMAT(F20.5.F20.5,4F13.5) 

no 15 J = 1,NCOL 
I J = I 'ilF ( J ) 

15 OUT C J) = DPM CIJ) 
PRINT 16.COUT(J). J=1,NC0L) 

16 FORMA- C// 1 OX. 1OHDIFFFRFNCE 
2 rONTINUF 

RFTURN 
FMH 

F20.6,4F13,6) 
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SUBROUTINF ENERGY 
COMMON AT0M,TERM,NWF.Z.NP.H.N0.ELC20) ,NC20) ,LC20) ,D( 10542) • 

1 n(Pn,20,4).6(20,20,4).DD(62).NR,CR(10),KR(10).I1R(10).I2P(10), 

2 NCSI(10),JIRC10).J2R(10),NCRJ(10)/SCRAP/IW(4),0UTC4),H3.ND,KF. 

T I 1 , I 2. Jl , J2 
niMFNCION FKC20) 
DIMFNSION EKINPC20) 
COMMON /CORE/ IB,ECC20) 
EQUIVALENCE CEKCl). DC121)) 
DATA CDU = IH ) 
H3 = H/1.5 

PRINT 1, ATOM. TERM 
1 FORMATC1H1.9X37HVALUES OF F AND G INTtGRALS FOR ATOM A6,7H TtRM 
1 A6 //) 

ND = NO-1 
DO 2 I = 1 ,Ni.lF 

FT c I ) = FK C I ) 
no 3 J = I,NWF 
KF = n 

no «. K = 1 ,4 
IF CACI,J,K) .EO. 0.) GO TO 8 
IWCK) = 2^K - 2 
OUT CK) = FKCI.J.IWCK)) 
0UTCK)=0UTCK)^219474.6 

6 KF = KF+I 
8 IF CKF .NE. 0) PRINT 12>CDU,IWCK).EL(I>•EL(J),OUTCK). K=1.<F) 
12 FORMATC4C Al . IHF. I 1 ,2H ( .A3. 1H,A3.4H ) = F10.1.4X)) 

MIN = IARS (L(I)-L(J)) 
KF = n 
no 13 K=1.4 

IF (GCI.J.K) .EQ. 0.) GO TO 15 
IWCK) = MIN + Z*CK-1) 
OUT CK) = GKC I .J. IWCK) ) 
OUTCK)=OUT(K)^219474.6 

13 KF = KF+1 
15 IF CKF .NE. 0) PRINT 19,CDU,IW(K),EL(I),EL(J).OUT(K). K=1.KF) 
19 FORMAT(4(Al . IHG. I 1 .2H (A3,1H,A3,4H ) = F10.1.4X)) 
18 CONTINUE 
3 CONTINUE 
2 rONTI-NUF 

PRINT 99. ATOM. TERM. Z 
99 FORMAT (IHl, /24X5HAT0M A6,3X5HTERM A6,5X3HCZ= ,F4.0,1X,1H) ) 

PRINT 26 
26 FORMAT C//,9X,43H0NE ELECTRON INTEGRALS AND KINETIC ENERGIES// 

1 , IFX, 2HNL.6X5HICNL), 11X,2HKC/) 
no 27 I =1, NWF 
EKINPCI) = F.<(|, +z^0U^ DR( I , I ,-1 ) 
RRINT ?8.FLCI), E K C I ) . EKiNPCI) 

28 FORMAT C14X. A3. 2F14,6) 
27 CONTINUE 

IF (MP ,F0. 0) GO TO 20 . 
POIMT 2 1 

21 FORMAT(//9x?1HVALUFS OF R INTEGRALS //) 
no P? I = 1.MO 
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n = i i R c I ) 
I O = I OR( I , 
Jl = JIRC I ) 

J2 = J2RCI) 

ClTCl) = RKC I 1 , 12,Jl ,J2,<RC I ) ) 
22 PRINT 23,<^C I ) ,£LC I 1 ) ,-L( I,:) ,-.LC Jl ) ,cL(-2 ) .Ok 

p-l FORMAT ( 21 X . IHO. I 1 .2H C,?A3.1H. 2A->.4H ) = FJ' 
PO or- T| (OM 

rc 1 ) 
.6 ) 

CUFiPOUTINF DAD I US 
COMMON ATHM. TERM.N"/F . 7.NP.H .NO,£.L ( 2") .NC20) ,L( 20 ) «S (20) « AZ ( 21 ) , 

1D( lOO) .EC20.2O) /SCRAP/c 3 c 20 ) ,R" ,n"" , " H , =C ,-• ,'̂ ' , "C ( 'O.*-) 
COMMON /CORF/ IP,FC(20) 
PRINT 1,ATOM,TERM ,7 
FORMAT(1H1,P4X5HAT0M A«,3X5HTFRM A5,5X3H(Z=,F4.0,1X.1H) //.ftCX 
1 1 THVFfiM VA| 1 IF OF/ 

P I5X.PHNL.7X5HE(NL) .9X6HAZ(NL) ,6X5H5lGMA,7XlHO, 12X4 f-R••2. 
P 10X6Hl/R^»3,inx4HR^i.4) 
PUNCH 3,A TQM,TERM 

3 FORMAT( 1 Ox,5HAT0M .A6.3X.5HTERM .A6) 
DO 2 I = 1.NWF 
OM = OUADR(I.I.I) 
RMM = OUAOP(I.I.2) 
OMMMM = 0UA'^P (1,1.4) 
RH = 3»NCI)^N(I) - LCI)*(L(I) + 1*) 
C- = ^ - ,F*-JH/RM 

RH = 3*^'(I)•N(I) - LCI)»(L(I) + 1) 

c'- - -7 — .=•«•OH/R^' 

= C I ) = c r 

RPCI) = 0. 
IF CLCI) .N^. 0) R3CI) = QUAnPCl 
P R I N T 4 . E L ( I ) « ^ ( I , I ) > A Z C I ) . S C , R ' > 

. 1 . - 3 ) 
, O V M . R 3 C I ) .R iVVVV 

F 0 R M A T C 1 4 X , A 3 , F 1 5 . 7 , F 1 4 , 6 , F 9 . 3 . 2 F 1 4 . 6 , F 1 4 . 4 , F 1 4 . 6 ) 
CONT I N i J F 
M I T = NWF + 1 - I P 
P O I M T = , V I T 
F O R M A T C / z ' n x . a H T H F L A C T I P , 3 > , , ' O H M A O E ' " C ^ L F C O N C I C T ; 

r » I I C D I M 
R F T i iPM 

FMO 

NT ) 
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50 

5 1 

CURROUTINF CRIN 

COMMON ATOM.TERM.NWF.Z.NP.H.N0>ELC20) .N(20) .L(20) .DD( 13365) .NCFG. 
1 WT(6 ) .OC ( 20 ,6 )/SCRAP/R3( 20) ,SSC3 ) ,QI ,QJ,LI . L J . S P . C C C 
0 1 MENTION CVC3.4,6) , CNC3.4,7) 
nATACCV = - 1 . 0 . 0 . . 0 . , 0 . . - . 2 . 0 . . . P . 0 , . - . 0 8 5 7 14 2 8 . 0 , . . 0 ° 5 7 I 4 2 ' " ' 6 . ' ^ . . 

1 0 . . - . 6 . 0 . . - . 6 . O . . - . 1 7 1 4 2 8 5 7 . 0 . . - . 0 8 5 7 1 4 2 8 . 0 . , . 2 ^ 7 1 4 ? f l 5 7 . 0 . . 
' -O.OPOFT 1 4?R'=7. 
•> O, , 0 . . - . 4 P f l 5 7 1 4 3 . 0 . . - . 3 4 2 8 5 7 1 4 , 0 . . - . 5 1 4P857 1 . 0 . . - . 0°,57 1 4 PP 5 . 
4 O. . - . 0 ' = 7 1 4 P 8 5 7 . 0 . . 
5 ' - i . . 0 . , 0 . . O. . 0 . . - . 2 3 8 0 9 5 2 3 . 0 • < - . 2 8 5 7 1 4 2 8 . 0 . . - . 4 7 6 1 ^ 1 4 7 6 , 0 . , 
6 - 0 . Of 40 - != ,n f ,4 ° , 
7 0.,0..0.. 0.,0.,n., O. .0. .-. 194R0519, 0,,-.259740259,'^ . , 
B i.,0..0..O..i..''^..0..0.>O.,n,.n,.-'^.174B25175) 
DATA(CN=2..O..0., 0 . . . e . ) . . .8.0., .514285714, 0...514285714,1,, 
1 1.. 1.8.0.. - 1.1.O. ,.85714285. 0..-.6.0.. 1.28571429.0.. 
' -0.4^8571428=. 
P -1 .. 0. . 1 .7 142857. 0. .-. 142857 14 . 0. . - 1 . 6857 1 43 , n . , - . 2 = 7 1 4 28"^ , 
40. .-."'!4 2857 I4.0.,0..-1.2.0.,0.,0.,-.0*76 1905,0.,-.17142P57,n.. 
'^-P.a7('IQ0'=,0. ,-0,142857142, 
6 O. . 0. ,-I .28571 428, 0 ..-. 342857 1 4 . 0 . . . 5 1 4P857 1 . 0 . . . 0 3 "I7ft 6 P "> ">. 
70..-.3688311688.0..0..0..0..0..0..-.47619047.0..0..0.,.952380952^. 
80..-O.064935 06492. 
9 0.,0..0., 0.,0.,0.. 0 . . ' ) . . - . 194805 1 9 . 0.. .2597402597,0.) 
nATA (" = 4H ) 
PRINT 1 
FORMATC//22X.4IHDETAILS OF MAGNETIC INTERACTION INTEGRALS /) 
r,0 p •< - 1 , N C F G 

nn 7 I = t , Mi.iF 
0 1 = or C I .K) 
LI = LCI) 
IF (CI .EQ. FLOATC4^LI+2) .OR. LI .EQ. 0) GO TO 7 
CO = 7»P3(I)»5.843574 
CP0=SP 
PRINT 50, FL(I),CPO 
F0RMATC///20X. lOHORIG ZETAC A3,4H) = F10.2 /) 
DO 4 J = 1.NWF 
QJ = OC C J.K) 
IF cQJ .EQ. 0. .OR. I .EQ. J) GO TO 4 
LJ = LCJ) 
C=OJ 
CD I =CD 

CP = CP _ ?,-»r^cM( I. J , 0 ) 

c p n I F = c p i - C P 

C M P = C M ( I , J. O ) • 1 , 

CMO=CM(J,I,0) 
PRINT 51.FL(I),EL(J).CP.SPI.cpQIF.SMP.SMQ 
F0RMAT(/20X,aHZETA C C A3,1H.A3,4H) = 3X. 2F10.3,3F10.3,/) 
no •= KK = 1 , 6 
CC = rv(LI .L J+1 .KK) 
C P 0 = C D 

IF ccr .NF. o.) CP = sp - c*rx^vcI.j,KK-i ) 

IF(cr->,FO.cpn)r. n T n 5 
c\/p= V C I , J. KK- 1 ) 
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4H ) = Fl0.2.20X.2F10, 

F10.2,20X,2Fl0.r) 

,IH(A3,3H,M0,4H) = F10.2.5X.2F1".=/) 

c*'0=VC ,J. I .KK-1 ) 
PRINT Bp.KKK.ELCI).ELCJ).CP.CVR.SvQ 

52 F0RMATC20X.7HZETAC-V 1X. I 2. 1HCA3, 1H,A3. 
5 ^'ONTINUF 

no 6 KK- =1.7 
cr = CNCLI.LJ+1.KK) 
CP0=CP 

IF CCC .NF, 0.) CP = CP - C^CC^CNCI,J,KK-; 
KKK=KK-p 
I F C CP.EO. CRO ) Qn -rr, ft 
CMD= CM c I , J,k-|^-p ) 
cNO = ĉ |( J.I. KK--P ) 
PRINT '^3.i'KK.ELCI).ELCJ),SP.SNP.SNQ 

3̂3 FORMAT C 20X iSHZETACV-N . I 2 . 1 H C A3 , 1 H , A3 , 4|-) 

6 COMT INI IF 

4 CnNTINUF 
CC ( , ) . SM C I , I .0 ) 

c = oc C I . K ) 
IF c 0 .FO. 1,) GO TO 9 
c = r + c - - ' . • • 
CP = cp _ c^cc(1) 
CSP=cc(1) 
CCQ=CN(I.I.O) 
PRINT 5 4 . F L ( I ) . SP.SSP.SSQ 

54 FORMATC20y.11H7ETACVN-SSP 
GO TO (P. 1 1 . 1 P ) . Ll 

11 CC c 2) = CM ( I . I .2 ) 
SP = cp + .qc-7ia2fl6^SC(2) 
scp=sc(p) 
SCQsCNCI.I.2) 
PRINT 5 5 , F L C I ) . CP.SCP.CSQ 

= = FORMAT C 20X1 1H7ETACVN-CCD . 1 H C A3 , 3H , M2 • 4H ) = F 1 O , 2 .'JxpF 1''> , 5/) 
r,o TO -5 • 

IP CC(2) = CM(I.I,2) 
CC(3) - CM CI. I.4) 
CO = CO +' CC(2) + ,45454545^CSC3) 
SCPI=cc(2) 
SCD2 = SC c 3) 

CSQI=CNC1.1,2) 
SSQ2=SNCI.I.4) 
PRINT 56. F L C I ) . CP.SSPI.SSOl,SSP2,S5Q2 

56 FORMATC20X11H7ETACVN-SCF ,1H(A3.3H.M4,4H) = F10.2,5X4F10.5/) 

GO TO 3 
9 PRINT 10. K . - F L C I ) . CP 

10 FORMAT CPOX.IA. 6H 7FTACA3,4H)= F10.2 ) 
GO TO -' 

3 PRINT 14.K.FL( I ) .cp, (B,EL( I ) ,EL( I ) , CS( I I ) , 11 = 1,Ll) 

14 FORMAT(20X14.6H 7ETA(A3,4H) = F10.2«4X•A4,pHMO( A 3, 1H,A3, 
1 ,A4/55X,3HM2(A3,1H,A3,4H) = F6.3 
2 ,A4/55X,3HM4(A3.IH,A3.4H) = F6.3) 

7 C O N T I N I I F 

2 C O N T I N U E 

R F T l IRN 

FMD 

, 4 H ) = F 6 i 
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FUNCTION CM([.J.K) 
CALL 7i<(j,j,K) 
CM = QUADC(I.I,3)#2.921787 
RETI IRN 
END 

FUMC Tl OM CM ( I . J , kr ) 
CALL 7^ ( I , J . O 
CM = QUADC(I.J.3)^2.921787 
RETURN 
END 

FUNCTION VCI.J.K) 
CALL DYK(I.J.K] 
V = OtlADCC I . J . 2 ) 
C A L L D Y K ( J . I . K ) 
V = ( V - Q U A D S ( I . J , 
P F T I IRN 
END 

2 ) ) • 2 . ^ 2 1 7 8 7 



SUBROUTINE DYKCI.J.h) 

COMMON AT0M,TERM.NWF.Z.NP.H.N0,EL(20).N(20)«L(20),DC540).RC200). 
1 RRC200),P2C200),PC20,20C),YC20,200)«YKC200)/SCRAP/R3C30).DEN, 

2 r,H3,A,AA,FACT,F1,F2,F3,ND 
DFN = LCI)+ L(J)+ 2 + K 
no 1 JJ =1,2 

1 YK(JJ) = FLOAT (L(J))^P(I,JJ)^P(J,JJ)•R(JJ)/DEN 
C = EXP (-H) 
H3 = H / 3 . 
A = C^^K 
AA = A»A 
A = 4.•A 
FACT = FLOAT (L(J)) 
Fl = FACT^PC I , 1 )•PC J, 1 )•PC 1 ) 
F2 = FACTORCI,2)•PCJ,2)^R(2) 
NO = NO-1 
DO 8 M =3,ND 
F3 =.5^PC I ,M)^( (PC J,M+1 )-PCJ,M-1 ) ) /H - PCJ,M))^R(M) 
YKCM) = YKCM-2)^AA + H3^(F3+ A^F2 + AA^Fl) 
Fl = F2 

8 F2 = F3 
A = A^CC)^^3 
AA = A^A/16. 

C = 2^K+3 
H3 = C^H3 
YKCNO)= YKCND) 
Fl = YKCNO) 

F2 = Fl 
DO 9 MM = 3,NO 
M = NO -MM+1 
F3 =YKCM) 
YKCM) = YK(M+2)^AA + H3^(F3 +A^F2 + AA^Fl) 
Fl = F2 

9 F2 = F3 
RETURN 
END 
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SUBROUTINF ORTHO 
COMMON ATOM,TERM,NWF,D(4),ELCPO).N(20)•L(20) 

PRINT 1,ATOM,TERM ---„ A A / / 

FORMATC IHl.9X,33H0RTH0G0NALITY I^ITEGRALS FOR ATOM A6,6H TL-^' « & / / 

POX. 4H(ML),3X.4H(NL)>7X,8HINTEGRAL //) 

OO 2 I = '.NWF 
JF = I - 1 
no 3 J = I.JF 

IF (LCI) .NF. L(J)) GO TO 3 
T = QUADRCI.J.O) 
RRINT 7,EL C I ) .ELC J) .T 

7 FORMATC2IX.A3.4X,A3•F15.B) 
3 CONTINUE 
2 CONTINUE 

YTIME = TlMFLEFT(TDUMMY) 
PRINT 0909. YTIME 

Qoqo F0RMAT(1H0,* FROM ORTHO * E20.e/) 
RFTURN 
FNO 

SUBROUTINE PNCH 
COMMON ATOM,TERM,NWF,7iNP.H.NO.EL( 20) ,U( 1 DO) .MAX( 20) .DD( 1060 ) , 
1 P(20,200)/SCRAP/IWC I 0) 
DIMENSION EKC20),EKPNCH(20) 
EQUIVALENCF (EK(1).DD(41)) 
RFAO 1 ,NPNCH, ( I'<i (K ) . K=1.NPNCH) 

1 FORMAT(21 IP) 
IF CNPNCH .FO. O) GO TO 2 
no ft I J = 1 .NPNCH 

I = I "/ C I J ) 

MX = M A X C I ) 

PUNCH 4.ATOM.TERM.ELCI).MX.Z 
4 F0RMATC6H ATOM .A6.6H TERM .A6,SHELcCTHON,A3,16,F6.0) 
ft PUNCH 5,CP(I.J). J=1.MX) 
= FORMAT C 7F1 1 .7) 

I = 1 
no O K=1.MPMCH 
K K = I I.I ( K ) 

F K P M C H ( I ) = FKT ( ^|< ) 

1 = 1 + 1 
9 CONTINUE 

PUNCH Pi^, CFKPNCH(I) . I =1.MPNCH ) 
25 FORMAT C5F16.8) 

P RFTLION 
FNO 
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CUPROUTINE «CALECZZ) 
COMMON ATOM,TERM,NWF,Z,NP,H,NO,EL(20),N(20),LC20).S(20),AZ(20), 
1 ACC(20),MAX(20),D(60).E(20,?C),RC200),RR(200),R2(2 00),P(20,200) 
2 ,Y(20,200),YK(200),RS(200),PS(200 )/SCRAR/RAT10,SR,cc,SS,K.FO , 
3 F1,F2,F3 
RATIO = Z/ZZ 
SR = SORT (RATIO) 
DO 1 J = 1,N0 
R(J) = R C J)•RATI 0 
RRCJ) = R(J)^R(J) 

1 R2(J) = R2(J)^SR 
DO 2 I = 1,NWF 
SC = (Z7-CCI))/CZ-SCI)) 
SS = SC*RATIO 
DO 3 J = 1.NO 
RS(J) = R(J)/SS 

3 PS(J) = P(I,Jl^SC 
K = 3 
ND = NO -1 . , 
DO 4 J = 1 ,N0 

5 IF (K .EQ. ND) GO TO 7 
IF (RSCK) .GT. RCJ)) GO TO 6 
K = K + 1 
GO TO 5 

6 THETA = A L O G C R C J)/RFi(K-l ) )/H 
FO « PS(K-2) 
Fl • PS(K-1) 
F2 « PS(K) 
F3 = PS(K+1) 
P(I,J) = .5*(F1+F2) + (THETA -.5)»CF2 - Fl) + .25»CTHETA-1.)•TMETA 
1 •(FO - Fl - F2 + F3) 
GO TO 4 

7 PC I ,J) = 0. * 
4 CONTINUE 

PNORM « SORTCQUADRCI,I,0)) 
DO 10 J = 1,N0 

10 PCI,J) = PCI,J)/PNORM 

CALL YKF C I , I .0) 
DO 11 J = 1,N0 

1 1 Y C I ,J) = YKC J) 
MAX CI) = K 
ECI,I) = ECI,I)^SC»»2 
SC = CZZ - .5^5(I))/<^ - .^•5(I)) 
SR = SORT (SC) 

2 AZCI) = AZCI)^SC^^CLCI)+l)^SR 

Z = 7Z 
RFTURN 
END 
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D. Sample Data for HF Program 

1. This first sample is an example of a sequential-type frozen-
core run. 

Firs t , the solutions for the configuration ls^2s^ of B II are 
calculated using the usual procedure of constructing initial est imates from 
the screening numbers. These Is and 2s functions a re then taken as initial 
estimates for the second case, although the Is and 2s functions a re kept 
fixed while making the 2p self-consistent. Next, these solutions a re left in 
the memory to calculate the third case, in which the 2s and 2p orbitals are 
made self-consistent in the field of the frozen Is^ core. Finally, for com
parison purposes, we obtain a solution for ls^2s^p of B I, allowing all three 
orbitals to vary. (Total run time: Imin 14 sec.) 

B I I 
1S2/2C2 
IS 
2S 
0 
1 
2 
2 

• 

B I 
2P 
IS 

2S 
2P 
0 
1 
1 

3 
3 

• 

a I 
2P 
IS 
2S 
2P 
0 
I 

3 
3 

• 
B I 
2P 
IS 
2S 
2P 

0 
1 
3 
2 

1 
P 

0 

1 
1 

1 
2 
2 
1 

1 
1 

1 
2 
2 
1 

1 
1 

1 
2 
2 
1 

1 
2 

AV. 2 
1 .0 

0 0.397 
0 1.965 
2 

2 
2 

AV. 3 
1 .0 

00.397 
0 1,965 
1 2.732 
1 

2 3 
2 3 

AV. 3 
1 .0 

0 0.397 

0 1.965 
12.732 
2 

2 3 
2 3 

AV. 3 
1 .0 

00.397 
0 1.965 
12.732 
3 

2 3 
3 

5 . 

- 3 . 0 . 0 6 2 5 

2 
2 

- 3 . 0 . 0 6 2 5 

1 4 0 

- 3 . 0 . 0 6 2 5 

- 3 . 0 . 0 6 2 5 

1 2 
1 2 
1 1 

1 4 0 

1 4 0 

1 4 0 



2. This second sample is an example of a separate- t ime frozen-
core run. 

F i r s t the solutions of a previous "core-producing" run are 
obtained and the selected core Pj ' s and Ij's are obtained by means of the 
PNCH option. In this example, the first nine orbitals (Is^ 2s^ 2p' 3s^ 3p' 3d'° 
4s 4p 4d ) of the La II 5d^ solution were chosen as the core, thus enabling 
various other rearrangements of electrons among the orbitals beyond the 
4d to be made self-consistent in the field of this core. For the example 
here, the solutions for La II 6s6p are obtained by making the outermost 
four orbitals self-consistent. Note that only the first 15 and last 7 cards 
of this example input have to be punched manually since those for the 
Pj 's and Ij's correspond to the punched output of the "core-producing" 
run. (Total run time: ~4 min.) 

L4 II 4 V . 

A = /6n 

1 3 1 

1 .0 

!>; 1 0 0.71 

2'; 2 0 a . 4 5 

2P 2 1 5.58 

3S 3 0 1 .84 

3 ° 3 1 1 3 . 7 9 

3D 3 2 16.6 

«^ 4 0 2 .96 

4P 4 1 2 4 . 5 1 

4D 4 2 2 9 . 7 1 a . 5 

5^ 5 0 3 5 . 2 9 2 . 7 5 

5P 5 1 3 8 . 4 8 1.55 

6S 6 0 4 5 . 

6P 6 1 4 5 . 

A T O M L A 1 I 

2 3 . 9 7 2 8 0 9 6 

2 9 . 0 3 0 7 5 9 8 

3 4 . 6 3 3 0 9 8 8 

4 0 , 3 6 9 4 2 8 2 

4 5 , 3 9 7 1 7 0 3 

4 8 . 2 9 4 9 0 4 6 

4 7 . 1 5 4 6 4 6 1 

4 0 . 3 3 1 3 7 8 8 

2 8 . 1 2 5 7 7 8 0 
1 4 . 3 2 6 8 6 3 7 

4 . 5 0 9 4 8 1 8 

0 . 6 8 2 5 8 8 1 
0 . 0 3 4 5 2 4 5 

0 . 0 0 0 1 6 5 8 

- 0 . 0 0 0 0 5 3 7 

A T O M L l II 

7 . 8 7 0 8 2 8 9 

9 , 4 6 6 9 4 2 3 

1 1 . 2 8 2 2 7 2 0 

1 3 . 1 1 7 6 4 2 7 

1 4 . 6 5 7 5 3 5 0 

1 5 . 3 3 7 3 2 9 8 

1 4 . 3 1 1 2 0 5 6 

1 0 . 6 4 1 8 6 9 0 

3 . 9 9 1 5 0 3 0 
- 4 , 1 4 2 8 6 4 7 

- 9 . 8 3 6 8 3 9 6 -

- 9 . 4 2 6 2 0 8 7 

- 4 . 6 0 9 4 7 2 5 

- 0 . 9 8 7 7 6 3 2 

- 0 . 0 6 8 9 1 2 4 

0 . 8 3 8 

0 . 6 0 7 

T E R M AV 

2 4 . 6 5 4 5 1 9 9 

2 9 . 8 0 3 7 7 4 5 

3 5 . 4 5 8 4 9 5 0 

4 1 . 1 5 7 5 1 9 8 

4 5 . 9 8 2 2 9 9 7 

4 8 . 4 2 6 2 4 0 9 

4 6 . 5 5 1 6 2 6 4 

3 8 . 8 6 9 6 2 1 1 

2 5 . 1 2 0 7 3 2 3 

1 2 . 5 6 9 5 7 9 2 

3 . 6 2 7 0 2 3 9 

0 . 4 8 1 4 5 8 5 

0 . 0 2 0 0 2 6 7 

- 0 . 0 0 0 0 2 7 2 

- 0 . 0 0 0 0 3 6 2 
T E R M A V , 

8 . 0 4 2 9 0 8 8 

9 . 7 1 8 0 8 2 6 

I 1 . 5 4 8 4 1 4 8 

1 3 . 3 6 5 8 2 4 0 
1 4 . 8 2 4 1 3 7 7 

1 5 . 3 1 7 8 5 4 5 

1 3 . 9 6 8 0 4 2 2 

9 . 8 6 5 6 5 0 1 

2 . 8 5 2 6 2 6 7 

- 5 . 2 1 7 7 7 6 2 

1 0 . 1 8 9 4 8 0 8 -
- 8 . 8 8 2 8 6 4 9 

- 3 . 9 1 2 0 8 8 9 

- 0 . 7 2 9 5 8 0 6 

- 0 . 0 4 1 9 1 9 2 

5 7 . 

8 . 5 5 

1 1 2 . 2 
E L E C T R O N 

2 5 . 3 5 0 3 6 8 8 

3 0 . 5 8 7 5 6 9 9 

3 6 . 2 8 5 5 6 0 5 

4 1 . 9 2 8 8 0 3 8 

4 6 . 5 1 9 7 2 0 4 

4 8 , 4 6 8 9 4 8 6 

4 5 . 8 2 6 3 7 7 8 

3 7 . 2 9 7 6 7 7 7 

2 4 . 0 9 6 2 4 1 8 

1 0 . 9 1 4 9 1 7 2 

2 . 8 7 1 9 5 7 S 

0 . 3 3 1 7 3 8 9 

0 . 0 1 1 1 9 6 3 

- 0 . 0 0 0 1 0 3 4 

- 0 . 0 0 0 0 2 2 1 

-

.4 

.4 

. 4 

5 

2 6 

31 
37 

4 2 

4 7 

48 

44 

35 

22 
9 

2 

0 

0 

3.0 . 0 6 2 5 

-1 2 

-1 2 

-1 6 

-1 2 

-1 6 

-1 10 

-1 2 

-1 6 

-1 10 

2 

6 

1 

1 
104 

. 0 6 0 1 1 5 7 

. 3 8 1 2 7 3 0 
1 1 2 3 1 9 3 

6 7 9 6 6 3 8 

0 0 4 0 0 9 8 

4 1 7 1 0 3 3 

9 7 6 7 3 7 9 

6 2 3 5 2 5 9 

0 7 0 4 9 3 4 

3 7 5 0 0 9 6 

2 3 6 6 4 6 3 

2 2 2 9 9 5 3 

0 0 5 9 9 8 2 

- 0 . 0 0 0 1 2 2 1 

-0 
E L E C T R O N 2 5 

8 . 2 6 9 5 3 8 9 

9 . 9 7 2 5 5 7 7 

1 1 . 8 1 4 5 8 7 0 
1 3 . 6 0 7 1 1 9 4 

1 4 . 9 7 1 5 6 1 6 

1 5 . 2 6 0 9 3 1 4 

1 3 . 5 6 7 6 0 8 5 

9.026';515 

1 . 6 8 7 4 1 3 9 

- 6 . 2 2 8 6 6 5 3 
1 0 . 4 0 2 1 4 3 3 -

- 8 . 2 5 7 8 6 7 0 

- 3 . 2 6 3 1 7 0 0 

- 0 . 5 2 6 2 3 9 1 

- 0 , 0 2 4 6 1 5 9 

0 0 0 0 1 1 4 

108 

8 . 5 0 0 6 301 

10 2 3 0 0 5 3 2 

1 2 , 0 8 0 0 6 3 1 

1 3 , 8 4 0 1 3 9 7 

1 5 , 0 9 7 5 3 9 8 

15 

13 

8 

0 
- 7 

10 
- 7 

- 2 

- 0 

- 0 

1636101 

1 0 7 6 7 7 9 

1265 159 

5 0 5 9 0 2 0 
1 6 0 8 5 3 4 

4 7 3 1 4 5 6 -

5 7 0 6 3 5 0 

6 7 3 1 0 8 9 

3 7 0 2 4 6 4 

0 1 3 8 9 8 0 

5 7 

26 

32 

% 7 

43 

174 

7 8 3 4 5 2 4 

1 8 3 8 8 5 3 

9 3 6 5 9 2 5 

4 0 6 2 1 7 3 

4 7 . 4 2 9 5 3 9 7 

4 8 2 6 4 9 7 5 3 

4 4 . 0 0 1 6 1 2 3 

33 8 5 6 9 1 3 0 

2 0 . 0 6 2 1 6 4 0 

7 . 9 5 9 3 8 5 5 

1 . 7 1 1 4 8 8 4 

0 

0 

1 4 6 0 3 3 8 
0 0 3 0 4 5 7 

- 0 . 0 0 0 1 1 4 2 

- 0 . 0 0 0 0 0 3 9 
5 7 

8 . 7 3 6 0 6 9 7 

10 4 9 0 2 0 9 2 

1 2 . 3 4 4 0 3 9 5 

1 4 . 0 6 3 3 7 9 7 

15 1 9 9 6 7 8 3 

1 5 . 0 2 2 9 1 6 1 

1 2 . 5 8 6 3 5 8 5 

7 

-0 

1 6 8 4 5 4 0 

6 8 0 6 7 7 0 

- 8 . 0 0 0 1 9 0 9 

1 0 . 4 0 4 1 5 9 3 -

- 6 . 8 4 1 7 2 1 9 

- 2 . 1 4 8 7 7 1 6 

- 0 . 2 5 3 7 8 3 1 

- 0 . 0 0 7 4 9 3 4 

2 7 

32 

38 

44 

4 7 

48 

4 2 

4 

5 1 9 9 9 6 3 

9 9 4 2 7 3 1 

7 5 5 9 8 6 9 

1 0 4 3 1 1 7 

7 9 0 5 0 7 1 

0 0 7 1 2 7 4 

90 11186 

3 2 , 0 0 9 3 5 0 0 

18 

6 

1 

0 

0 

-0 

0 

8 

10 

12 
14 

15 

14 

12 

6 

-1 

-8 

-10 

-6 

-1 

-0 

-0 

0 9 0 0 0 7 2 

6 7 4 6 9 6 7 

2 8 5 4 3 6 5 

0 9 3 0 3 1 4 

0 0 1 4 3 1 5 

. 0 0 0 0 9 5 5 

0 0 0 0 0 0 6 

9 7 5 7 188 

7 5 2 6 1 6 2 

6 0 5 6 2 8 6 

. 2 7 5 2 1 3 6 

. 2 7 5 4 6 0 9 

. 8 3 5 8 8 2 8 

0 0 2 1 7 2 4 

.1563321 

. 8 5 9 9 8 9 4 

. 7 3 3 4 9 3 3 

2 0 0 3 5 0 2 

0 9 1 9 6 8 1 

6 9 3 5 1 5 4 

. 1 6 9 2 4 8 0 

.00 3 8 0 9 7 

28 

33 

39 
44 

48 
4 7 

41 

30 

16 
5 

0 

0 

0 

-0 

9 

1 1 

12 
14 

15 

14 

1 1 

5 

-3 

-9 

-9 

-5 

-1 

-0 

-0 

2 6 9 2 8 3 3 

81 11565 
5 6 7 8 8 3 7 

7 6 9 5 2 5 3 

0 8 0 9 7 2 0 

6 1 8 « 7 3 7 
6 7 6 7 2 4 9 

0 9 4 0 4 3 9 

1724000 

5 2 4 5 5 2 8 
9 4 6 5 5 7 2 

0 5 7 5 5 0 5 
0 0 0 5 8 5 9 

0000741 

2 1 9 4 0 9 5 

0 1 6 H 1 1 0 
.a6">e535 

4 7 3 8 9 1 3 
3 ? ? 7 5 6 5 

5 9 9 5 8 9 4 

3=4 1398 
.0952499 

. 0 1 8 7 4 0 0 

.3490000 

.8703706 

.3416204 

. 3 0 7 4 3 1 8 

. 1 0 9 6 5 8 4 

. 0 0 1 7 7 8 7 

0.00000 Iz 
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A T O M LA I I 

O . 1 0 9 0 6 6 4 

0 . 2 0 7 3 8 2 5 

0 . 3 9 1 3 8 9 0 

0.7 3 0 1 8 1 9 

1 . 3 3 8 1 7 7 4 

2 . 3 8 6 0 10 1 

4 .0786151 

6.5->6098 t 

9 . 4 9 3 0 7 0 3 

1 1 . 8 7 6 7 4 7 ? 

1 1 . 8 6 3 2 9 0 8 

8 . 4 5 4 3 4 4 6 

3 . 6 4 5 4 4 0 6 

0 . 7 5 3 3 3 0 0 

0 . 0 5 4 2 1 4 5 

0 . 0 0 0 6 3 5 9 

- 0 , 0 0 0 0 9 8 0 

- 0 . 0 0 0 0 0 8 3 

A T O M LA I I 

3 . 5 3 5 2 2 4 6 

4 . 2 7 9 0 5 2 8 

5 . 0 9 8 8 2 5 6 

5 . 9 2 6 1 1 8 9 

6 . 6 1 5 6 8 3 3 

6 . 9 0 5 8 6 3 6 

6 . 4 0 0 6 5 1 6 

4 . 6 5 5 2 8 0 6 

1 . 5 1 3 9 0 4 9 

- 2 . 2 2 5 6 4 8 8 

- 4 . 3 4 4 8 5 0 8 

- 2 . 5 3 5 8 0 9 5 

1 . 9 7 8 9 3 8 0 

4 . 0 9 0 2 5 5 3 

2 . 2 4 5 3 7 6 7 

0 . 4 1 5 0 9 7 4 

0.0217271 

O . 0 O 0 2 4 8 5 

- 0 , 0 0 0 0 3 7 8 

- 0 , 0 0 0 0 0 4 4 

A T O M LA I I 

0 . 0 5 1 6 1 4 6 

0 . 0 9 3 1 3 8 3 

0 . 1 8 5 1 9 9 3 

0 . 3 4 5 4 4 2 2 

0 . 6 3 2 7 7 2 5 

1.1269 118 

1 . 9 2 0 6 4 1 9 

3 . 0 5 4 8 4 5 4 

4,3498431 

5 , 1 4 6 1 0 7 7 

4 . 2 7 9 1 1 7 5 

1 . 0 5 2 5 6 4 3 

- 2 . 8 8 0 7 4 1 3 

- 4 , 0 5 9 7 5 4 9 

- 2 , 1 2 5 2 2 9 4 

- 0 . 4 1 5 0 2 7 4 

- 0 . 0 2 4 6 1 5 1 

- 0 . 0 0 0 4 1 8 7 

A T O M LA 1 I 

0,0001421 

0 . 0 0 0 4 2 0 5 

0 . 0 0 1 2 3 7 7 

0 . 0 0 3 6 1 5 9 

0 . 0 1 0 4 3 9 2 

0 . 0 2 9 5 9 7 8 

0 . 0 8 1 6 2 7 7 

0 . 2 1 5 8 6 1 4 

0.535B291 

T E R M AV 

0 . 1 1 9 5 9 4 1 

0 . 2 2 7 2 0 0 4 

0 . 4 2 8 2 0 9 0 

0 . 7 9 7 1 9 9 6 

1 . 4 = 6 2 7 8 7 

2 . 5 8 3 6 9 4 3 

4 . 3 8 2 9 5 0 2 

6.9424161 

9 . 9 0 6 1 4 0 9 

1 2 . 0 6 5 7 4 3 8 

1 1 , 5 7 5 8 2 1 2 

7,7671811 

3 , 0 6 3 7 7 0 0 

0 , 5 5 6 6 6 8 2 

0 , 0 3 3 3 1 0 6 

0 , 0 0 0 1 7 6 7 

- 0 , 0 0 0 0 7 6 0 

- 0 , 0 0 0 0 0 5 0 

T E R M AV 

3 . 6 3 5 5 8 9 9 

4 . 3 9 2 5 0 6 9 

5 . 2 1 8 9 2 5 5 

6 . 0 3 7 7 2 3 7 

6 , 6 8 9 4 2 0 5 

6 , 8 9 3 0 7 0 8 

6 , 2 3 6 4 2 8 6 

4 . 2 8 7 3 7 4 9 

0.97980 16 

- 2 . 6 9 3 B 6 6 9 

- 4 . 3 5 4 9 5 3 0 

- 1 , 9 5 9 1 9 4 9 

2 , 5 4 5 5 4 4 3 

4 , 0 0 4 1 3 2 6 

1.8919234 

0.2954311 

0 . 0 1 2 7 7 6 8 

0 . 0 0 0 0 8 4 4 

- 0 . 0 0 0 0 3 0 3 

- 0 , 0 0 0 0 0 3 0 

T E R M A V . 

0 , 0 5 6 5 9 6 5 

0 . 1 0 7 5 1 5 8 

0 . 2 0 2 6 1 8 2 

0 . 3 7 7 1 3 0 4 

0 . 6 8 8 5 4 1 2 

1,2199417 

2 , 0 6 2 5 2 7 9 

3 , 2 3 8 9 6 6 5 

4 , 5 1 7 2 4 7 9 

5 , 1 5 3 4 8 9 7 

3 . 9 5 7 6 0 2 2 

0 . 4 5 6 8 5 3 8 

- 3 . 2 8 5 4 6 5 4 

- 3 . 9 1 1 6 4 8 1 

- 1 . 7 9 5 3 7 3 4 

- 0 . 2 9 9 6 2 3 4 

- 0 . 0 1 4 7 9 1 6 

- 0 . 0 0 0 2 0 8 4 
TERM A V . 
0 , 0 0 0 1 5 5 0 

0 . 0 0 0 4 9 0 8 

0 . 0 0 1 4 4 3 4 

0 . 0 0 4 2 1 0 7 

0 . 0 1 2 1 3 0 7 

0.0342811 

0 . 0 9 4 0 7 3 3 

0 . 2 4 5 9 0 3 7 

0 . 6 0 5 9 9 0 0 

. E L E C T H O N 2P 

0 . 1 3 1 1 2 4 4 

0 . 2 4 8 8 7 2 5 

0 . 4 6 8 3 7 7 3 0 

0 . 8 7 0 0 3 5 8 0 

1.5838729 1 

2 . 7 9 5 2 3 5 1 ? 

4 . 7 0 3 5 0 0 0 5 

7 . 3 5 8 5 1 1 8 7 

1 0 . 3 0 4 2 9 3 7 10 

1 2 . 1 9 3 9 5 6 7 12 

1 1 . 2 1 4 2 1 7 1 10 

7 . 0 5 9 7 5 9 5 6 

2.5348501 2 

0.4022341 0 

0 . 0 1 9 7 9 0 8 0 

- 0 . 0 0 0 0 3 8 9 -0 

- 0 . 0 0 0 0 5 6 9 -0 

- 0 . 0 0 0 0 0 2 9 -0 

. E L E C T n O N 35 

3 . 7 3 8 0 0 7 9 3 

4 . 5 0 7 4 5 6 4 4 

5.3390051 5 

6 . 1 4 6 1 2 5 0 6 

6 . 7 5 4 2 5 6 4 5 

6 . 8 6 2 3 1 5 9 6 

6 . 0 4 5 3 1 0 6 5 

3 . 8 8 9 9 5 5 3 3 

0.4 3 5 4 4 18 -0 

- 3 . 1 2 1 2 0 0 4 -3 

- 4 . 2 7 4 6 9 2 3 -4 

- 1 . 3 3 1 4 3 4 0 -0 

3 . 0 3 9 8 2 9 6 3 

3 . 8 3 4 1 7 1 5 3 

1.5589388 1 

0 . 2 0 4 7 5 8 2 0 

0 . 0 0 7 3 1 3 4 0 

0 . 0 0 0 0 0 2 4 -0 

- 0 , 0 0 0 0 2 3 5 -0 

- 0 , 0 0 0 0 0 1 9 -O 

E L E C T R O N 3P 

0 . 0 6 2 0 5 2 9 0 

0 . 1 1 7 7 7 0 4 0 

0.2216201 0 

0 . 4 1 1 5 5 6 0 0 

0 . 7 4 8 7 7 3 8 0 

1.3194105 1 

2 . 2 1 1 6 2 3 6 2 

3 . 4 2 6 0 5 5 0 3 

4 . 6 7 2 5 5 0 6 4 

5 . 1 2 2 5 0 2 2 5 

3 . 5 8 4 1 4 7 4 3 

- 0 , 1 4 7 4 9 3 5 -0 

- 3 . 6 1 8 6 3 2 5 -3 

- 3 . 7 0 0 4 6 5 3 -3 

- 1 . 4 8 5 9 9 6 7 -1 

- 0 . 2 1 0 9 4 3 8 -0 

- 0 . 0 0 8 6 5 4 8 -0 
- 0 . 0 0 0 0 9 5 3 -0 

E L E C T R O N 3D 

0 , 0 0 0 1 9 3 8 0 

0 . 0 0 0 5 7 2 7 0 

0 . 0 0 1 6 3 2 9 0 

0 . 0 0 4 9 0 2 2 0 

0 . 0 1 4 0 9 0 7 0 

0 . 0 3 9 5 8 1 9 0 

0 . 1 0 8 3 1 9 1 0 

0 . 2 8 2 0 2 8 8 0 

0.6839571 0 

124 

1. 1 4 3 7 5 0 6 

1.2725655 

1.5121790 
).9491439 
.7.215714 

. 0 2 1 1 9 8 6 

. 0 4 0 1 0 1 2 

'.7821646 

. 6 8 2 2 7 1 9 

. 2 7 0 9 4 8 0 

).7813267 

>. 3 4 4 4 2 3 3 

. 0 6 2 8 8 3 7 

.2838761 

. 0 1 1 3 2 7 3 

. 0 0 0 1 2 6 0 

. 0 0 0 0 4 1 3 

. 0 0 0 0 0 1 5 

139 

. 8 4 2 4 3 7 7 

. 5 2 3 7 5 7 5 

. 4 5 8 7 3 1 3 

. 2 5 0 6 8 1 3 

. 8 0 9 1 3 4 8 

. 8 1 3 7 0 5 5 

. 8 2 6 2 2 7 0 

. 4 6 4 0 2 5 0 

. 1 1 3 7 3 9 0 

. 4 9 3 3 0 2 4 

. 1 0 2 2 2 9 6 

. 5 6 8 1 1 0 2 

. 4 4 8 5 4 0 6 

• 5 9 3 6 1 4 4 

. 2 5 5 5 2 1 6 

. 1 3 8 1 3 2 0 

. 0 0 4 0 7 2 2 

. 0 0 0 0 3 4 9 

. 0 0 0 0 1 7 7 

. 0 0 0 0 0 1 2 
125 

. 0 6 8 0 2 7 8 

. 1 2 8 9 8 1 0 

. 2 4 2 3 3 9 7 

. 4 4 8 9 6 0 8 

.8137531 

. 4 2 5 5 6 0 0 

. 3 6 7 7 5 5 7 

. 6 1 4 7 3 6 5 

. 8 1 2 5 2 6 9 
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-1.5001342 -1.5746521 -1^5207125 -W4423344 -1^3441951 -1.2313071 -1.1037581 
-0.9814624 -0.8539441 -0.7301612 -0.6133777 -0.5060844 -0.4099745 -0.3259684 
-0.2542360 -0.1945546 -0.1459421 -0.1072935 -0.0772941 -0.0545409 -0.0376909 
-0.0255058 -0.0169053 -0.0109776 -0.0069895 -0.0043595 -0.0025878 -0.0016320 
-0.0009824 -0.0005397 -0.0003555 -0.0002169 -0.0001350 -0.0000862 -0.0000566 
-0.0000382 -0.0000254 -0.0000185 -0^0000131 -0.0000093 -0^0000065 -0^0000045 
-0.0000031 -0.0000020 -0.0000012 
-1.62431300+003 -4.03437498+002 -4.02387272+002 -1.71603156+002 -1.69673936+002 
-1.66950044+002 -3.4225242 1+00 1 -8.11328956+00 1 -7.42557921+001 -3.83903492+001 

0 2 4 
3 
5 1 2 3 4 5 
5 6 7 3 9 10 
3 11 12 13 
2 12 13 

III. R'^ INTEGRALS PROGRAM 

RKMAIN is a program that computes values of 

P i ( r i ) P j ( r , ) P / r , ) P ^ ( r z ) ^ dr, dr^, 
r̂ ^ 

where P-(r) are the card output from HF on the usual logarithmic 
radial mesh. 

A. Data Input 

1. Card 1. NWF, ATOM, TERM, Z, NRK in Format (13, 2A6, 
F3.0, 13). 

2. Card 2. N(l), L(l) for I = 1, NWF in Format (2013) NWF s 20; 
therefore one or two cards of type 2 may be required. 

3. NWF decks of type 3: TRM(I), EL(I), M, (P(l, j ) , J = l ,M) in 
Format (1 8X,A6,8X,A3,16/(7F11.7)). 

These are decks of P^ card output from HF. 

4. NRK cards of type 4: I, J, L, M, K in Format (513). 

Multiple runs noay be stacked sequentially. 

The output contains, in addition to the R'^ values in cm" ' , an indication 
of the amount of cancellation that has occurred in forming the integral. This 
cancellation factor is defined here as the ratio of the true R value to that 
of a pseudo "absolute" R value calculated using the-modulus of each P. 
Thus, for a cancellation factor of 0.9, say, only 10% of the integral has 
disappeared, whereas a factor of 0.1 means that 90% has disappeared and 
hence the R value is far more sensitive to small changes in the P j ' s . 
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B. Listing of R*̂  P rog ram 

_LATION FACTORS A LA BOB COWAN INCLUDED 

M ATOM.TERM.NWF.Z,RHO,H,NO.ELC 20),NC20),LC20),CC20),4Z(20), 
.MAXC20),DD(40),IND(20),E(20,20),R(200).RR(20 0),R2(200). 

PROGRAM Oi^«'AIN 
C ROUTINE FOR CALCULATING RK INTEGRALS 
C CDC 3600 VERSION ANL 1966 

C CANCELLATION FACTORS A LA BOB COWAN INCLUDED 
COMMON 
1D(20) 

2 P ( 2 0 . 2 0 0 ) . INR. DUM(4200). AP(20.?on) 
DIMENCION TRMc20) 

1 RC-AO C = .2) NWF. ATOM. TERM, 7, NRK 
2 FORMAT C I 3,2A6,F3.0, I 3) 

IF(FOF,60) 20,2I 
20 CALL EXIT 
2 1 WRITE (6,7) ATOM, TERM 

3 FORMAT(1H1,lOX,17HRK INTEGRALS FOR 2A6/39X.2HRK,16X. 
1 7HM0D RK ,12X,12HCANCELLATION/) 
H=.0625 

NO = 200 
RHO = -3.0 
DO 4 J=l,200 
R(J)=EXR(RHO)/Z 
RRC J)= PC J)•R C J) 
R2CJ)= CQOT COC J) ) 

4 RHO = RHO + H 
READ C5,5) CN( I ) , L ( I ) , I=1,NWF) 

5 FORMAT C20I3) 
DO 8 1=1.NWF 
READ C5.7) TRMC I ) .ELC I ) ,M. (P ( I . J) . J= 1 , M ) 

7 FORMAT(18X,A6,8X,A3,I6/{7F11.7)) 

MAX C I )= M 

8 CONTINLIE , 

DO 12 1 = 1 , NWF 
no 13 J = 1.M 

ARC I .J) =, ABC(P( I ,J) ) 

13 CONTINUE 

12 CONTINUE 
DO 10 KK= 1,NRK 
READ (5,5) I,J. I I,JJ, K 
ANS= RK( I ,J, I I 1 JJ.K) 
ANS = 219474.62^ANS 
INP =1 
CANC = PK( I ,J. I I .JJ.K) 
CANC = 2 1 9474'.62^CANS 
I ND = o 
CANF = ANC/CANS 

10 WRITE(6.11) K.EL ( I ) .ELCJ) .EL( I I ) ,EL( JJ) .ANc.CANS.CANF 
11 FORMAT C 1 IX. IHR. I 1 . IHC 2A3. 1H.2A3.4H) = 3F20.8) 

GO TO 1 
END 
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F U N C T I O N RKC I . J . I I . J J . K ) 
C A L L Y K F ( I . I I . K ) 
RK = O l IAOC ( J . J J . 1 ) 
RC'TURN 

•^Nn 

9 
1 1 

1 3 
10 

SUBROUTINF ZKCI.J.K) 
COMMON ATOM,TERM,NWF,Z.NP.H.NO.EL(20) .N(20) ,LC20) ,DC 54 0) ,R(200) , 

1 RR(200).P2(PO0).P(20.200).INP.Y(2n.200).YK(200).AP(2n.200) 
DEN = L(I) + LCJ) + 3+ K 
F A C T = ( l . / F L 0 A T C L ( I ) + l l + l . / i ^ L O A T C L C J ) + ) ) ) / C D d N + l . ) 
I F c I N P . F O . 1 ) GO TO 9 
DO 1 J J = 1 . ' 
YKCJJ) = RR( JJ)•PC I . JJ)•PI J.JJ)/DEN^C 1 .+ Z^RC J J ) • - ACT ) 
C = FXD C -H ) 1 
H 3 = H/3, 
A = C^^K 
AA = A^A 
A = 4.•A 
F1 = RRC 1 )•P( I , 1 )•PC J, 1 ) 
F2 = RR(2)+0(I.2)•P(J,2) 
DO 8 M = 3,NO 
F3 = PRCM)»PCI,M)•PTJ,M) 
YKCM) = YKCM-2)^AA + H3^CF3 + A^F2 + AA^Fl) 
Fl = F2 
1̂  P = F 3 
GO TO 10 
DO 11 JJ = 1 , p 
YKCJJ)= RRCJJ)^APCI,JJ)+APCJ.JJ)/DEN^Cl.+Z^RCJJ)^FACT) 
C = EXPC-H) 
HP = H/3. 
A = C*-*K 
AA = A^A 
A = 4,•A 
F1 = RRC 1 )•ARC I 
F? = RPC 2)•AP C I 
no 17 M = -1 . NO 
FP = RPCM)•ARC I ,M)•ARC J,M) 
YKCM) = YKCM-2)^AA + H3^CF3 
Fl = FP 
F5 = F3 
CONTINUE 
Rl^TURN 
END 

. 1 )•ARC J, 1 ) 

.2)•AP C J,2) 

+ A^F2 + AA^F1) 
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CUOROIITINF YKFC I, J,K) 

COMMON A TOM, TERM, NWF, 7, NP , H , NO , EL C 20 ) . N C 20 ) , L C 20 ) , D C 6̂ ^ ) , VAX C "^ ) , 
lDD(460),QC2>00).OPC200).R2(20O).p(?0.200).INP,Y(2^,?r0),VK(2O-), 
' APC20,200) 
CALL ZKCI,J,K) 
C = EXP C-H) 
A = 4.«C^^(K+1) s AA= A^A/16. 

C = 2^K+1 
HP = C^H/P, 

•̂ 1 = YK(NO) S F2 =YK(N0-1) 
DO 9 MM = P,N0 
M = t^n _»̂ vi+i 

C"P = VK C M ) 

Yk-CM) = Vk-(M + 2)^AA + H3^CF3 + ti*rp + AA^i^l) 

Fl = P? 

9 F2 = F3 
IF CIARC(l_j) + < .NE. 0) GO TO 10 
MX = MAX C I ) 
IF CMX .GF. NO) GO TO 13 
MP = MX + 1 ' • 
DO 14 M = MP,NO 

14 YKCM) = 1. 
13 A = Cl. - YKCMX))/FLOAT CMX) 

DO 15 M = 1,MX 
FM = M 

15 YKCM) = YKCM) + A^FM 
10 RFTURN 

END 

FUNCTION OUADSCI,J.KK) 
COMMON DDC3),Z,NP,H,NO,ENC40), LC20),ODDC60),MAX(20),DXC460), 

1R(200),RR(200),R2C200),PC20.200).INP.Y(20,200),YKC200),AP(20,2O0) 
DEN = L C I ) + L C J ) + 3 ' 
H3 = H/l,5 
CD=1.5^I1.+Z^R(1)^(1./FL0AT(L(I)+1)+1./FL0AT(L(J)+1))/(DEN+1.)) 
K = 2 - KK 
D = YKc 1 )•PI I , 1 )•PC J. 1 )•RC 1 )••K^( CD/(DEN^H) +.5) 
ND = MAXO (MAX( I ) .MAXCJ) ) - 1 
I tr (INR .1^0. 1 ) GO TO 2 
DO 1 M =2,NO,? 
M M = M4- 1 

1 D = D + 2.«YKCM)•PCI,M)^PCJ,M)^RCM)••K +YKCMM)•P(I,MM)•P(J,MM)• 
1 RC MM) »»K: 
GO TO 4 

2 D =YK ( 1 ) •APC I , 1 ) •ARC J , 1 ) •R C 1 ) ••K^ C CD/(IJEN^H )+.5 ) 
DO •> M= 2,ND,2 
MM = M+1 

3 D=D+2.^YK(M)^AP(I,M)^AP(J,M)»RCM)^»K+YKCMM)^APCI,MV)^APCJ«MV) 
1 » R(MM)»»i< 

4 CONTIN' 1"=" 
OuAnc = n»H3 
RETURN 
END 
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C. Sample Data for R*̂  

The example given here will read in five sets of P j ' s . The first 
three are 3d, 4s, and 4p obtained from a solution for the configuration 
3d4s4p of Scl. The last two are 3d and 4p obtained from a solution for 
3d^4p of Scl. 

The specified R integrals output will be 

R^(3d4p,3d4p) = F^(3d4p) of 3d4s4p, 

R^(3d4p,3d4p) = F^(3d4p) of 3d^4p, 

and the configuration interaction integrals, 

R'(4s4p,4p3d), 

R^(4s4p,3d4p), 

and 

R^(3d4s,3d3d). 

Note that only the first two and last five cards of this example input have 
to be punched manually. 

5cr I 
3 2 4 0 

ATOM SC I 
0.0000121 
n,0000359 
0.0001056 
0,0003036 
0.0008913 
0.0025295 
0.0O69935 
0.0186005 
0.0457710 
0.1036026 
0.2260995 
0.4083825 
0.5226744 
0.756=529 
0.7251426 
0.5097867 
0.2548509 
0.0309825 
0.0135877 
0.OO09125 
0,0000182 

ATOM CC I 
0.226O3S9 
0.2747057 
0.3273349 
0.3806513 
0.4253569 
0.4451250 
0.4153749 

21 . 5 
4 1 3 

TERM AV. 
0, 

0, 

0, 

0, 

0. 

0, 

0, 

0, 

0, 

0, 

0. 

0, 

0, 

0. 

0. 

0 

0, 

0, 

0, 
0. 

0, 

,0000142 
,0000419 
.0001232 
,0003594 
.0010358 
.0029305 
,0080643 
.0213025 
.0530433 
.1214953 
.2483780 
.4391327 
.6505230 
.7736861 
.7025809 
.4722874 
.2232374 
.0555019 
.0098427 
.0005648 
,0000094 

TERM AV. 
0 

0 

0 

0 

0 

0, 

0, 

.2333331 

.2819934 

.3351034 

.3373550 

.4301950 

.4445569 

.4054094 

2 4 1 
ELECTRON 3D 
0, 

0, 

0, 

0. 

0. 

0, 

0, 

0. 

0. 

OI 

0. 

0. 

0. 

,0000165 
,0000489 
,0001436 
,0004184 
,0012033 
,0033931 
.0092913 
.0243581 
.0600560 
. 1355040 
.2720429 
.'699335 
.6757982 

0.7755473 
0.6765761 
0.4344746 
0, 

0, 

0, 

. 193671 1 

.0524273 

.0059945 
0.0003405 
0, .0000047 

0. 

O I 

O I 

O I 

O I 

OI 

OI 

147 

.0000193 

.0000570 

.0001674 

.0004870 

.0013973 

.0039264 

.0106957 
0.0278396 
0.0678745 
0. 

0. 

.1509863 

.2970531 
0.5010459 
0. 

0. 

0. 

0. 

0. 

0. 

.7007781 

.7750075 

.6475250 

.3957782 

.1653370 

.0413054 
0.0048595 
OI 

OI 

ELECTRON 45 
0, 

0, 

0, 

0( 

0, 

0, 

0, 

.2399594 

.2893779 

.3423329 

.3948591 
,4344791 
,4429219 
,3937759 

0. 

0. 

0. 

0. 

0, 

0, 

0. 

.0002000 

.0000023 
1_52 

.24'55652 

.2968501 

.3505374 

.4016235 

.4381404 

.4401039 

.3804079 

21 

0, .0000225 
0.0000665 
0^0001951 
0. 

0, 

0. 

0, 

0. 

0. 

0, 

0, 

0, 

0, 

0, 

0, 
0, 

0, 

0, 

0, 

0, 

0, 

21 

0 

0 

0 

0 

0 

0 

0 

.0005567 

.0016219 
,0045406 
.0123011 
.0317636 
.0755683 
. 1575926 
.3233447 
.5321973 
.7221404 
.7690148 
.5158605 
.35960b3 
.1413560 
.0320579 
.0033176 
.0001143 
.000001 1 

.2534971 
•3043995 
•3581985 
•4081044 
.4411103 
.4350252 
•3652484 

0, 

O I 

O I 

0. 

O I 

,0000263 
.0000775 
.0002274 
.0005592 
.0013318 

0^0052475 
0^014 1337 
0^0361903 
0.0852075 
0.1857533 
0. .3508288 
0.5630823 
0. ,7404745 
0^7586075 
0. 

0. 

0. 

.5820379 

.3233357 

.1183034 
0.0244902 
0.0022098 
0.00006 36 
0.0000005 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

.2604513 

.3120 144 

.3657905 

.4142547 

.4433159 

.4306021 

.3482572 

O I 

O I 

O I 

O I 

O I 

O I 

0. 

.0000307 

.0000905 

.0007649 

.0007666 

.0021823 

.0060602 

.0162228 
0.04 11735 
0.0968624 
O I .2052274 
0.3793896 
0.5933636 
0.7553965 
0. 

0. 

.7439132 

.5465240 
0.2883171 
0.0986896 
0.0183996 
0.0014376 
0.0000345 
O I .0000000 

0.2575227 
0.3196812 
0.3732851 
0. 

0. 
.4200237 
,4446806 

0.4237451 
0, I3293R82 
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0 . 7 0 8 6 4 7 0 

o . 1 1 4 3581 

- 0 . 1 2 3 7 3 6 3 

- 0 . 2 8 1 0 5 5 5 

- 0 . 2 1 ^ 7 6 6 1 

o . 0 5 9 8 2 3 6 

o . 2 6 4 3 9 7 3 

0 . 1 4 6 2 8 = 2 

- 0 , 1 5 7 4 6 7 3 

- 0 . 3 7 8 7 8 1 6 

- 0 . 2 5 5 0 4 7 3 

- 0 . 0 9 4 1 1 7 7 

- O . O ] 3 9 1 3 2 

- O , 0 O 0 « 6 7 e 
- 0 , 0 0 0 0 0 3 5 

A T O M 5C I 

0 . 0 0 2 0 0 2 0 

0 . 0 0 3 8 0 6 7 

0 . 0 0 7 1 8 4 3 

O . O ] 3 4 0 3 6 

0 . 0 7 4 5 6 6 3 
0 . O 4 3 8 I O 3 

0 , 0 7 4 9 1 7 4 

0 . 1 2 0 1 2 7 8 

0 . 1 7 4 4 2 5 = 

0 . 2 1 6 4 6 9 2 

0 . 2 0 5 1 9 7 8 

0 . 1 0 3 9 6 8 6 

- 0 . 0 6 2 1 4 3 5 

- 0 . 1 7 5 7 8 3 4 

- 0 . 1 2 7 7 9 6 6 

0 . 0 4 4 8 3 8 9 

0 . 2 0 1 4 8 8 6 

0 . 2 3 5 7 5 5 3 

0 . 1 4 R 5 5 0 2 

0 . 0 4 6 4 1 5 2 

0 . O 0 5 3 1 6 5 
0 , 0 0 0 1 3 7 0 

o . o o o o o o r 

A T O M SC I 

0 . 0 0 0 0 1 0 4 

0 , 0 0 0 0 3 0 8 

0 , 0 0 0 0 9 0 6 

0 , 0 0 0 2 6 4 7 

'>,0007646 

0 . 0 0 7 1 7 0 2 

O . 0 0 6 0 O O 1 

0 . 0 1 5 9 5 8 6 

0 . 0 4 0 1 2 9 9 

0 . 0 0 3 1 9 3 4 

0 . 1 9 4 0 8 = 3 

0 . 3 = 1 3 7 9 8 

0 . 5 3 6 5 9 0 3 

0 . 6 6 6 3 3 8 5 

0 . 6 4 5 7 4 1 7 

0 . 4 8 6 5 4 7 1 

0 . 2 8 6 1 5 3 6 

0 . 1 7 2 7 2 7 4 

0 . 0 3 2 3 3 5 8 

0 . O 0 4 0 4 8 2 

0 , 0 0 0 1 6 8 4 
n ̂  0 0 0 0 0 1 6 

A T O M SC I 

0 . 0 0 1 4 9 2 9 
0 , 0 0 2 8 3 8 7 

0 . 0 0 5 3 5 7 5 

0 , 0 0 9 9 9 5 4 

0 . 0 1 8 3 1 9 7 

0 . O 3 2 6 7 O 6 

0 . 7 8 6 0 1 8 8 

0 . O 8 0 O 9 6 7 

- 0 . 1 5 4 9 8 8 7 

- 0 . 2 8 7 4 9 7 6 
- 0 . 1 8 3 3 8 3 4 

0 . 1 0 1 7 4 8 4 

0 . 2 6 8 9 1 0 1 

0 . 1 0 5 4 5 3 5 

- 0 . 1 9 5 9 6 4 9 

- 0 . 3 3 1 9 3 2 1 

- 0 . 2 3 1 8 6 0 3 

- 0 . 0 7 6 2 5 8 6 

- 0 . 0 0 9 6 3 4 2 

- 0 , 0 0 0 3 1 0 3 

- 0 , 0 0 0 0 0 1 4 
T E R M A V . 

0 . 0 0 2 1 9 5 2 
0 . 0 0 4 1 7 0 4 

0 . 0 0 7 8 6 0 2 

0 . 0 1 4 6 3 4 0 

0 . 0 2 6 7 3 4 8 

0 . 0 4 7 4 4 1 9 

0 . 0 8 0 5 1 3 6 

0 . 1 2 7 6 0 4 6 

0 . 1 8 1 9 5 2 5 

0 . 7 1 9 2 3 9 0 

0 . 1 9 6 6 2 7 3 

0 . 0 8 2 4 0 0 0 

- 0 . 0 8 5 1 5 5 5 

- 0 . 1 8 0 8 7 2 4 

- 0 . 1 0 7 7 4 6 5 

0 . 0 7 1 4 4 3 8 

0 . 2 1 5 3 0 1 8 

0 . 2 2 9 0 0 7 5 

0 . 1 3 1 9 6 9 5 

0 . 0 3 6 5 6 5 6 

0 , 0 0 3 4 9 7 4 

0 . 0 0 0 0 6 5 B 

- 0 . 0 0 0 0 0 0 0 

T E R M A V . 

0 , 0 0 0 0 1 2 1 
0 . 0 0 0 0 3 5 9 

0 . 0 0 O 1 0 5 7 

0 . 0 0 0 3 0 8 3 

0 . 0 0 0 8 8 8 6 

0 . 0 0 2 5 1 4 2 

0 , 0 0 6 9 1 8 3 

0 . 0 1 8 2 7 7 0 

0 . 0 4 = 5 1 2 5 

0 . I 0 4 7 6 0 0 

0 . 7 1 3 2 2 7 3 

0 . 3 7 7 4 153 
0 . 5 6 1 0 9 2 1 

0 . 6 7 3 9 9 5 0 

0 . 6 3 0 0 0 5 4 

0 . 4 5 8 0 8 3 7 

0 . 2 5 9 2 8 1 2 

0 . 1 0 5 0 3 8 3 
0 . 0 2 5 3 3 1 = 

0 . O 0 2 7 7 6 1 

0 . 0 0 0 0 9 5 4 

O . O O O O O O 7 

T E R M A V . 

0 . 0 0 1 6 3 7 0 

0 . 0 0 3 1 1 0 0 

0 . 0 0 5 8 6 1 5 

0 . 0 1 0 9 1 2 9 

0 . 0 1 9 9 3 6 8 

0 . 0 3 5 3 7 8 8 

0, 

0 

-0 

— 0 

- 0 

0 

0 

0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 
-0 

7 6 1 = 4 6 2 

0 4 6 P 4 6 8 

1 8 4 1 1 2 8 

2 3 8 7 7 1 0 

1 4 8 7 1 0 2 

1 4 1 1 5 0 8 

2 6 5 8 0 3 0 

0 6 3 5 9 7 9 

2 3 0 5 9 7 6 

3 2 9 7 5 2 1 

2 0 7 5 4 6 9 

0 5 0 6 1 4 6 

0 0 6 4 8 9 7 

0 0 0 1 6 4 = 
0 0 0 0 0 0 5 

0, 

0. 

- 0 . 

- 0 . 

- 0 . 
0. 

0 

0 

- 0 

-0 

-0 

- 0 

- 0 

- 0 

0, 

E L L C T R O N 4 P 

0 

0 
0 

0 

0 

0 

0 

0 

0 

Oi 

0 

0 

- 0 

- 0 

-0 

0 

0 

0 

0 

0 

0. 

0, 

- 0 , 

0 0 2 4 0 6 9 

0 O 4 5 6 8 3 
0 0 8 5 9 7 5 

0 1 5 9 7 1 2 

0 7 9 0 7 7 8 

0 5 1 3 2 8 5 

0 8 6 4 0 9 0 

1 3 5 2 = 9 9 

189 1684 

2 2 0 7 7 7 7 

1 8 6 0 6 2 8 

0 5 9 5 6 2 7 

1 0 6 6 9 4 2 

1 8 1 1 6 7 6 

0 8 5 4 0 8 7 

0 9 7 2 394 

2 2 6 2 5 2 3 

2 1 9 8 0 0 9 

1 1 5 5 381 

0 2 8 1 9 8 0 

O 0 2 2 2 6 8 
0 0 0 0 3 1 7 

0 0 0 0 0 0 0 

0 

0 
0 

0 

0, 

0 

0 

0 

0 

0. 

0 

0 

-0 

-0 

- 0 

0 

0 

0 

0 

0 

0 

0 

- 0 

E L E C T R O N 3 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

El 

0 

0 

0 

0 

0 

0 

0 O 0 0 1 4 2 
0 0 0 0 4 1 9 

0 0 0 1 2 3 2 

0 0 0 3 5 9 0 

O 0 1 0 3 2 3 

0 0 2 9 1 1 1 

0 0 7 9 7 1 5 

0 7 0 9 0 7 2 

f 5 1 5 2 9 7 

1 1 5 3 7 1 3 

2 3 3 5 6 6 0 

4 0 4 0 0 3 9 

5 8 4 1 7 2 9 

6 7 8 2 0 0 3 

6 1 1 0 2 5 5 

4 2 9 1 6 7 2 

2 3 3 3 7 5 4 

0 8 8 9 6 3 2 

0 1 9 5 3 1 4 

0 0 1 8 5 9 4 

O 0 O 0 5 2 4 

0 0 0 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

- E C T R O N 4 P 

. 0 0 1 7 9 4 9 

. 0 0 3 4 0 6 6 

. 0 0 6 4 1 1 4 

. 0 1 1 9 1 0 1 

.07 1684 1 

. 0 3 8 7 7 7 2 

0 

0 

0 

0 

0 

0 

7-'=7776 

O 1 7 7 1 0 5 

2 ] 0 6 = 1 3 
2 8 4 6 5 7 9 

1 1 0 6 5 2 8 
1769 144 

2'^5 1 4 5 2 

0 1 8 8 3 9 1 

2 6 0 7 4 8 0 

3 2 2 = 9 0 1 

1 0 3 1 3 3 5 

0 4 7 2 2 0 1 

0 0 4 2 4 6 0 
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0.055R6RO 0.0600424 0.0644391 0.0690553 0.0733906 0.0789322 0.0841698 
0.089587= 0.0951643 0.1003745 0.1065865 0.1175625 0.11845R0 0.1243718 
O.1300951 0.13=7118 0.1410981 0.1461728 0.1503479 0.1550785 0.1586144 
0.1615008 0.1635300 0.1647432 0.1648830 0.1638953 0.1615827 0.1=81=78 
0.1532457 0.1463885 0.1390430 0.1297094 0.1138345 O.1066144 0.0929722 
0.0730643 0.O520324 0.0450523 0.0273370 0.O091291 -0.0092963 -0.0276383 

-0.0455753 -0.0527714 -0.r733855 -0.0935303 -0.1055331 -0.1174477 -0.1260649 
-0.1321741 -0.1356217 -0.1353179 -0.1342411 -0.1294379 -0.1220193 -0.1121573 
-0.1000709 -0.0860197 -0.0702905 -0.0531855 -0.0350121 -0.0160740 0.0033358 
0.0229396 0.0424774 0.0517076 0.0804064 0^0983661 0^1153936 0,1313083 
0.1459411 0.1591336 0.1707383 0.1805225 0.1886655 0.1947667 0.1988471 
0.2008540 0.2007658 0.1985957 0.1943963 0.1882618 0.1803301 0.1707825 
0.1598416 0.1477659 0.1348476 0.1213935 0.10772:15 0.0941536 0.0R09825 
0.0684795 0.0568720 0.O463370 0.0369943 0.0239050 0.0220726 0.0164495 
O.oi19453 0.0084333 0.0057895 0.0038500 0.0024763 0.0015381 0.0009200 
'^."005287 0.0002912 0.0001533 0.0000769 0.0000367 0.0000165 0.0000070 
","OOOOpf3 0,0000011 0,0000004 -0,0000000 -0.0000000 -O.OOOOOOO 
1 3 1 3 2 
4 5 4 5 2 
7 3 5 4 1 
2 3 4 5 2 
1 7 4 4 2 

IV. MULTIPOLE INTEGRALS 

Two programs are given in this section, each using a different 
type of radial mesh, to calculate multipole integrals defined as 

(ilr'^lj) = f Pi(r)Pj(r)r>^ dr 
- '0 

A. Logarithmic Mesh 

HFRPOL computes multipole integrals for wavefunctions using 
a logarithmic radial mesh such as those output by the HF program. 

1. Data Input 

a. Card 1. NWF, NK, ATOM, Z in Format (213, A6, F3.0). 

b. Card 2. NWF values of L(l) in Format (2013). 

c. NWF decks of card type 3: EL(I), M, (P(I,J),J = 1 ,M) in 
Format (32X, A3, 16/(7F 11.7)). 

These are decks of P. card output from HF. 

d. NK cards of type 4: I, J, K in Format (313). 

Multiple runs may be stacked sequentially. 

The output contains values of multipole integrals , together 
with pseudo "absolute" values calculated using the modulus of each P j 
and cancellation factors defined as the ratio of these. 
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2. Listing of HFRPOL 

PROGRAM HFPDOL 

DIMENSION RI200) .PC20.200).L(20) ,EL(20).MAX(20) ,AP(20,200) 
COMMON R,P,L,EL,MAX.H3,Z ,AP 
H = .0625 
RHO = -3.0 
H3 = H/l,= 

1 READ 2.NWF.NK,ATOM.Z 
2 F0RMATC2I3,A6,F3,0) 

IF CE0F,60) 30,31 
30 CALL EXIT 
31 PRINT 13,ATOM.Z 
13 FORMAT(IH1.•INTEGRALS FOR^,2X,A6,2X,• ATOMIC NUMBER*.F5.0//) 

DO 4P 1=1,200 
P(I) = EXP(RHO)/Z 

48 RHO = RHO +H 
RHO = -3.0 
READ 49, (L(I),I=1,NWF) 

49 F0RMAT(20I3) 
DO 8 I = 1,NWF 
READ 7, ELCI),M,CPCI,J), J=1,M) 

7 FORMATC 32X, 43 , I 6/(7F1 1 ,7) ) 

8 MAX CI) = M 
DO 50 1=1,NWF 
M = MAX I I ) 
DO 51 J=1,M 
ARC I ,J) = ABSCPC I ,J) ) 

51 CONTINUE 
50 CONTINUE 

DO 10 I = 1,NK 
READ 5, I I ,JJ.M , 

5 F0RMATC3I3) 
ANS = QUADR(I I • JJ,M) 
ABANS = Af=QDRC I I . JJ.M) 
CANS = ANS/ABANS 

10 PRINT 12,EL( I I I <EL( JJ1 <M,ANS , ABANC, CANS 
12 FORMATCIHO, 70X,3HABS , 6X, •CANCELLAT I ON*,/ 

1 5X,^THE INTEGRAL 0=̂  PC^A3.6H) • P(A3,6H) • R^^CI2. 

2 5H) = , 3F14.6 /) 
GO TO 1 
END 
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FUNCTION QUADRCI,J.KK) 

DIMENSION RC200),PC20,200),LC20),ELC20),MAXC20) 

COMMON R,P,L,EL,MAX,H3,Z ,AP 

K = KK + 2 
DEN = L C I ) + L ( J ) + 1 + K 
FACT= (1./FLOAT(L(I)+l)+l./FLOAT(L(J)+l))/(DEN+l.) 
D = P(1,1)^P(J.1)^R(1)••«•( (l.+Z^R(1)^FACT)/(DEN*H3)+.5) 
M = MINOCMAXCI),MAXCJ)) 
DO 1 JJ = 2>M,2 
JP = JJ + 1 

1 D = D + 2.*P( I.JJ)»P( J'-J-J)*«<-J-l'**'<+P"'-JP'*'''-^'-^°'*'''-"^'**'^ 
QUADR = D^H3 
RETURN 
END 

FUNCTION ABQDRCI•J,KK) 

DIMENSION RC200),PC20,200).L(20),ELC20),MAXC20),APC20,200) 
COMMON R,P,L,EL,MAX,H3,Z .AP 
K = KK + ? 
DEN = L ( I ) + L ( J ) + 1 + K 
FACT= (1 . /FLOATCLC I ) + l ) + l . / F L O A T C L C J ) + 1 ) ) / ( D E N + 1 . ) 
D = A P ( I , 1 ) ^ A P ( J , 1 ) ^ R ( 1 ) » « K * ( ( l . + Z ^ R ( 1 ) * F A C T ) / ( D E N » H 3 ) + . 5 ) 
M = MINOCMAXCI ) .MAXCJ) ) 
DO 1 J J = 2 , M . 2 
JP = J J + 1 

I D = D + 2.»APC I , J J ) * A P C J , J J ) * R C J J ) ^ * K + A P C I , J P ) • A P C J , J P ) • R C J P ) * * K 
ABQDR = D*H3 
RETURN 
END 

3. Sample Data for HFRPOL 

For the example given here, three sets of P j ' s will be read 
in. The first set is a 5p function obtained from the solution of the con
figuration 4r' of Eu IV. The second and third sets are the 5p and 6p 
functions obtained from the solution of the core-excited configuration 
5p*4f'6p of Eu IV. 

The output specified will calculate 

(5p|r^|6p) 

and 

(5p|r-^|6p), 

( 5 p | r > p ) 

(5p|r- ' |6p) 

the 5p being that from the 4f* solution. 

the 5p being that from the 5p'4f'6p solution. 

Note that only the first two and last four cards of this example input have 
to be punched manually. 
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3 a c-u IV 63 
1 I 1 

ATOM EU IV TERM flV. ELECTRON 5P 151 63 
0,0l0l3q5 0,0111161 0,0121900 0.013363T 0.0I16«e7 0,0160553 O.OlTSq*'^ 
0,0192786 0,0211207 0.0231351 0.0253372 0,0277639 0.0303733 0.0l3?a4« 
0.0363801 0,0398015 0,0A35339 0.0476035 0.0520388 0.0568701 0.0621300 
0,06785 30 0.0740762 0.0808385 0,0881917 0.096IA93 0«104^874 0.1141*40 
0.1242703 0,1352174 0,1470394 0.1597915 0.l7352t6 0.1883101 0.2041891 
0.2212216 0.2394609 0.2589569 0«2797553 0.3018961 0.3254116 0.350324* 
0.3766457 0.4043721 0.4334833 0.4639390 0.49567r2 0.5286010 0.562?94F 
0,5974990 0.6331189 0.6692153 0.7055021 0.74164£A 0.77724«e 0.8118609 
0,844 9834 0.8760454 0.9044215 0.9294 304 0.950 34 00 0.9663752 0.9767289 
0.9805761 0.9770921 0.9654744 0.9449692 0,9149012 0.8747077 0.8239756 
0,7624808 0,6902284 0,6074929 0.5148559 0.4132384 0.3039266 0.198?e66 
0.0692665 -0.0516190 -0.1713222 -0.2868183 -0.3948842 -0.4921999 -0.5754725 

-0.6415778 -0.6877152 -0.7115693 -0.7116672 -0.6865237 -0.636"'632 -0.5612072 
-0.4679203 -0.^540047 -0.2255393 -0.0874595 0.0546240 0.19466 36 0.3?64«7a 
0.4439819 0.5417214 0.61C0036 0.6602906 0.67'^4043 0.6596613 0.6139032 
0.5404186 0.4427698 0.3255442 0.1940565 0.054032? -0.0887056 -0.2?e«?67 

-0.3602488 -0.4793520 -0,5821451 -0.6658841 -0.7288365 -0.7702924 -0.790«204 
-0.7906743 -0.7726542 -0.7389413 -0,6924130 -0,6361566 -0.5732932 -C.5068220 
-0,4394908 -0.3736964 -0.3114153 -0.2541649 -0.2029921 -0.1584893 -0.1208335 
-0.0898447 -0.0650596 -0.0458126 -0.0313184 -0.0207686 -0.013?958 -0.0082243 
-0,0048999 -0.0028052 -0.0015394 -0.0008075 -0.0004C38 -0.0001919 -0.0000864 
-0,0000367 -0,0000147 -0.0000055 -0.0000019 
ATOM EU IV TERM /Vv, ELECTRON 5P 150 63 
0.0105063 0.0115204 0.0126311 0.0138472 0.0151787 0.0166362 0.0182311 
0,0199762 0.0218849 0,0239722 0.0262540 0.0287478 0.0314723 0.0Ta6679 
0.0376964 0.0412417 0.0451091 0.0493260 0.0539217 0.0589279 0.0643781 
0.0703082 0.0767565 0.0837636 0.0913724 0.0996283 0.1085790 0.118?745 
0,1287668 0.1401100 0.1523598 0.1655733 0.1798085 0.1951238 0.»11«77T 
0,2292262 0,248 1254 0,2603268 0.2898778 0.3128197 0.3371860 O.lfrTOOO"* 
0.3902739 0.4190035 0.4691681 0.4807257 0.5136102 0.5477272 0.5829507 
0,6191181 0.6560267 0.6934290 0.7310286 0.76^^763 0.8053667 0.8412350 
0,8755557 0.9077412 0.9371436 0.9630S67 0.9847222 1.0013369 1.0120643 
1.0160497 1,0124385 1.0003993 0.9791508 0.9479935 0.9063463 0.8=37752 
0.7900540 0.7151860 0.6294560 0.5334665 0.4281720 0-3149054 0.19=^3933 
0.071 7579 -0.0534 983 -0.1775283 -0.2971975 -0.4 09 1 662 -0.'=;09994 3 - 0 , = 962696 

-0,6647549 -0.7125489 -0.7372524 -0,7371329 -0.7112741 -0.6597021 -0.5034769 
-0.4847394 -0.3667059 -0.2336049 -0,0905522 0,0566367 0.2016929 0.T381920 
0.4598892 0.5610708 0.C36897 1 0.6837052 0.699243? 0.6828102 0.6'»'̂ ?876 
n,e^S90586 0.4578301 0.3363731 0.2002155 0.055313? -0.0922742 -0.5166851 

-0,3725207 -0.4950678 -0.6004736 -0.6858704 -0.74Q4467 -0.7Q04636 -0.P092134 
-0,8069306 -0.7856509 -0."480418 -0.6972089 -0.%364970 -0.5692959 -0.4O99647 
-0,4281793 -0.3598130 -0.2958500 -0.2378369 -0.1867714 -0.1431270 -0.1069103 
-0,0777431 -0.0549612 -0.0377189 -0.02508B0 -0.0161439 -0.0100309 -0.0060049 
-0.0034549 -0.0019048 -0.0010028 -0.0005018 -0.0002370 -0,0001046 -0.0000424 
-0,0000152 -0.0000044 -0.0000008 
ATOM EU IV TERM Av. ELECTRON 6P 161 63 
0.0040485 0.0044393 0.0048672 0.0053359 0.0058489 0.0064106 0.0070251 
0,0076976 0.0084331 0.00^2374 0.0101167 0.0110776 0.0121274 0.01'>?741 
0,014 = ?59 0.01=8920 0.0173822 0.0190071 0.0207791 0.022^071 O.n?,4po7-* 
n,O2709?3 0.0295771 0.0322772 0.03=;?091 0.0 393904 0.04 1Q396 0.0a==754 
0.0496185 0.0^39894 0.0587096 0.06380 11 0.0692864 0.0751878 0.081=27" 
0.0883293 0.0956107 0.1033947 0.1116987 0.1205386 0.1299272 O.I-»98737 
0.1503823 0,1614518 0.17 30 740 0.1852327 0.197902 3 0.2 110465 0.?246165 
0,2395497 0.2527677 0,2671752 0.2816577 0.2960805 0.3102871 0.-'?40983 
0.3373113 0.3496994 0.36 10 126 0.3709784 0.379304 3 0.3856804 0-3897840 
0.3912953 0,3898547 0.3851714 0.3769344 0.3648738 0.3497651 0,">264436 
0.3038206 0.2748991 0.24 17903 0.2047282 0.1640934 0.1203728 0.074 2659 
0,0265853 -0.0216990 -0.0694833 -0.1155528 -0.15=^^129 -0.1973306 -0.2"»03838 

-0.2565188 -0.2746131 -0,2837402 -0.2832340 -0.2727473 -0.2523017 -0.2223236 
-0.1936632 -0.1375931 -0.0857839 -0.0302556 0,0 266958 0.082=9=^2 0,1-^40063 
0. 181 164 7 0.2191 183 0.24 68648 0.2629748 0,266597? 0.2574695 0.'''60-»3« 
0.2033091 0.1608766 0.1107684 0.0553500 -0.0028092 -0.06106'=;8 -0.1168251 

-0.1676537 -0.2113782 -0.2461696 -0.2706095 -0.2837388 -0.28508^9 -0.2746610 
-0.2529583 -0.2208973 -0.1797779 -0.1312128 -0.0770555 -0.0193261 0.03O9620 
0,0983745 0,1541286 0.r051672 0.2497342 0.2863517 0.3138934 0.3316498 
0.3393776 0.3373222 0.3262102 0.3072052 0.2819272 0.2519404 0.2191 196 
0,1855075 0.1526793 0,1220298 0.0945951 0.0710172 0.0515532 0-0361225 
0.024 3933 0.0 1=8230 0.0098488 0.0058656 0.0033338 0.0018032 0.0009253 
0.0004491 0,0002054 0,0000882 0,0000354 0,0000132 0.0000046 0.0O00C15 
1 3 2 
1 3 -3 
2 3 2 
2 3 - 3 



52 

B. Linear Mesh 

HFSRPOL computes multipole integrals for wavefunctions using 
a Herman and Skillman type radial mesh.^ Also, if I = J, it computes 
the screening number a. 

1. Data Input 

a. Card 1. NWF, NK, Z in Format (215, F5.0). 

b. Card 2. Any suitable title in Format (9A8). 

c. NWF decks of type 3: N(I), L(l), M, (P(I, J), J = l ,M) in 
Format (IX, 12, II, 31X, I5/(6F 13.7)). 

These are decks of Pj card output from Herman and 
Skillman program. 

d. NK cards of type 4: I, J, K in Format (315). 

Multiple runs may be stacked sequentially. 

2. L i s t i ng of HFSRPOL 

PROGRAM HFSRPOL 

DIMENSION P N L C 2 5 . 5 2 1 ) , R C 5 2 1 ) , R S C 5 2 1 ) , N C 2 5 ) , L C 2 5 ) . N P T S C 2 5 ) . 

1 H E A D ( 9 ) . A ( 6 ) 

DATA (A = I M S . I H P , I H D . I M F , I H G , I H H ) 

1000 READ 1 0 0 , N O R B I T S , N I N T G R L S , Z , H E A D 

100 F 0 R M A T C 2 I 5 , F 5 . 0 / 9 A 8 ) 
I F C E 0 F , 6 0 ) 2 0 , 2 1 

20 CALL E X I T 
21 PRINT 200,HEAD 

200 FORMATCIHl,9A8//) 
LIMIT = 0.0 
DO 1 I « l.NORBITS 
READ 101.NCI),LCI),MPT.(PNLII,J), J=1,NPT) 

101 FORMATC IX, 12. I 1 .31X, I5/C6F13.7) ) 
NPTSCI) = NPT 

1 LIMIT = MAXOCLIMIT,MPTS(I)) 
c 
C GENERATE R ARRAY 
C 

RINCR = 0.88534138 • Z^»C-l,/3.) • 0.0025 
H =0.5 • RINCP 
RI1) = 0.0 
NBLKS « LIMIT/40 
MIN = -38 
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= 1,NBLKS 
+ 40 
+ 39 

DO 3 INDX 
MIN = MIN 
MAX = MIN 
H = 2. • H 
DO 3 K = MIN,MAX 
RCK) = RCK-1) + H 

COMPUTE iNTi^GRALS 

DO 4 INDX = 1,NINTGRLS 
RFAO 102, I 1 , I 2,NXP 

102 FORMATC3I5) 

LIMIT = MINOCNPTSC I 1 ) ,NPTS( 12) ) 
IF (NXP .EO. 1) GO TO 6 
IF CNXP ,EQ. 0) GO TO 13 
DO 5 J = 1,LIMIT 
RSC J) = PC J) 

5 RCJ) = RC J)^^NXP 
GO TO 6 

13 DO 12 J = 1,LIMIT 
RSC J) = PC J) 

12 RCJ) = 1.0 
6 NBLKS = LI MIT/40 

J = -4 
H = 0.5 • RINCR 
RINT = 0.0 
DO 7 II = 1,NBLKS 
H = 2.0 • H 
CUM = 0.0 
DO 8 NC = 1,8 
J = J + 5 

8 SUM = SUM + 19.^CRCJ)•PNLC I 1 ,Jl^PMLC I2«J) .- _. 
IPNLC12.J+5)) + 75.^CR(J+1)^PNL(IJ«J+1)"PNLC12,J+I) + R(J+4) 
2PNL( I 1 ,J + 4)•PNLC 12,J + 4 ) ) + 50.»(R(J + 2) 
3R(J + 3)•PNL(II,J + 3)•PNL( I 2,J + 3) ) 

7 PINT = PINT + H»SUM 
PINT = 5.^RINT/288. 

+ RC J+5)^'"^IL( I 1 « J + 5 ) ^ 
2,J+I) + R ( J + 4 ) • 

PNL ( I 1 , J+2) •^NL C 12, J+2 ) •• 

9 
10 

201 

- LC I 1 )^LC I 1 ) - L( I 1 ) ) 

IF CNXP .EQ. 1) GO TO 10 
DO 9 JJ = 1.LIMIT 
RCJJ) = RCC JJ) 
IF C I 1 .NE. 12) GO TO 11 
RH = 0,5 • C3.^NC I 1)•N( I 1 ) 
SIGMA = 7 - RH/RINT 
KK = L{ I 1 ) +"1 
PRINT 201 ,NC I 1 ) ,A CKK) ,NXP,RI NT,SIGMA 
FORMAT C IHO,5X,•INTEGRAL OF RC•I 2,A 1 , 12H) 

1F16.7/lOX.^SIGMA IS •.F16.7/) 
GO TO 4 
K 1 = L C I 1 ) + 1 
K2 = LC12) + 1 
PRINT 202,NC I 1 ) ,A IK 1 ) ,NC 12) ,A IK2) ,NXP,RINT 

202 FORMAT( IHO,5X,•INTEGRAL OF RC•I 2,A 1 .6H) 
1 IS •,F16.7/) 

4 CONTINUE 
GO TO 1000 

• »2 * '^•^ C , I 2,» ) IS 

1 1 

P( 12, Al ,SH) • •̂ •f'C 12.* ) 
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3. Sample Data for HFSRPOL 

The two sets of Pj ' s to be read in a re the 5f and 6d functions 
obtained from the 5f6d^ configuration of Th II. 

The output specified will calculate 

(5f|r|5f) and â f, 

(5f|r|6d), 

and 

(6d|r|6d) and 0^^. 

Note that only the first two and last four cards of this example input have 
to be punched manually. 

2 3 90, 
TH I I 5F/602 
531 3 

0.0000000 
0.0000008 
0.0000125 
0.0000593 
0.0001756 
0,0004020 
0.0007822 
0.0016048 
0.0037180 
0.00714'5B 
0.0121344 
0.0188305 
0.0273224 
0.0376253 
0.0586764 
0.0896695 
0.1256414 
0.1649891 
0.2060419 
0.2472066 
0.2870592 
0.3582405 
0.4127462 
0.4471555 
0.4606917 
0.4543643 
0.4302624 
0.3750792 
0.2563692 
0.1124878 
-0.0405313 
-0.1913296 
-0.3325188 
-0.4597364 
-0.6353963 
-0.7852395 
-0,8759829 

SCREENING ++ OIPOLE INTEGRAL 
-1,2060613 1 401 

0.0000000 
0.0000015 
0.0000170 
0.0000728 
0.0002045 
0.0004535 
0.0008637 
0.0018775 
0.0041912 
0.0078675 
0.0131283 
0.0201199 
0.0289143 
0.0395161 
0.0634346 
0.0953602 
0.1320 101 
0.1717574 
0.2129358 
0.2539753 
0.2998366 
0.3686141 
0.4199256 
0.4508516 
0.4609703 
0.4515148 
0.4246988 
0.3578658 
0.2336438 
0.0872571 

-0.0660624 
-0.2156786 
-0.3547741 
-0.4794011 
-0.6648914 
-0.8041689 
-0.8861838 

0.0000000 
0.0000026 
0.0000226 
0.0000884 
0.0002367 
0.0005095 
0.0009508 
0.0021801 
0.0047024 
0.0086294 
0.0141706 
0.0214596 
0.0305566 
0.0414558 
0.068 3639 
0.1011827 
0.1384649 
0.1785652 
0,2198255 
0.2607009 
0.3122934 
0.3784949 
0.4265331 
0.4539661 
0.4607030 
0.4481820 
0.4187276 
0.3394928 
0.2103137 
0.0618444 
-0,0914819 
-0.2397289 
-0.3766231 
-0.4986073 
-0.6925329 
-0.8215008 
-0.8951346 

11558.3 
0.0000001 
0.0000041 
0.0000295 
0.0001063 
0.0007723 
0.0005701 
0.0010439 
0.0025141 
0.0052527 
0.0094363 
0.0152615 
0.0228496 
0.0322490 
0.0454800 
0.0734582 
0.1071296 
0.1449980 
0.1854050 
0.2267040 
0.2673777 
0.324 3936 
0.3878640 
0.4325629 
0.4565023 
0.4598988 
0,4443779 
0.4123619 
0,3200607 
0.1864588 
0.0363070 

-0.1167521 
-0.2634578 
-0.3980538 
-0.5356270 
-0.7183499 
-0.8372905 
-0,9028937 

189623 90 
0.0000002 
0.0000062 
0.0000378 
0.00O1267 
0.0003116 
0.0006357 
0.0011430 
0.0028808 
0.0058434 
0.0102889 
0.0164016 
0.0242900 
0.0339914 
0.0496943 
0.0787117 
0.1131934 
0.1516016 
0.1922693 
0.2335647 
0.2740000 
0.3361045 
0.3967046 
0.4380112 
0.4584647 
0.4585673 
0.4401148 
0.4056150 
0.7996670 
0.1621553 
0.0106989 

-0.1418379 
-0.2868446 
-0.4190554 
-0,5707705 
-0.7423701 
-0.8515952 
-0.9095187 

0.0000004 
0.0000089 
0.0000477 
0.0001497 
0.0003548 
0.0007063 
0.0013605 
0.0032817 
0.0064754 
0.011188 1 
0.0175912 
0.0257810 
0.0357836 
0.0540946 
0.0841176 
0.1193665 
0.1582679 
0.1991507 
0.7404010 
0.2805623 
0.3473958 
0.4050026 
0.4428756 
0.4598590 
0.4567189 
0.4354054 
0.3910304 
0.7784061 
0.1374755 

-0.0149296 
-0.1667069 
-0.3098705 
-0.4396190 
-0.6040266 
-0.7646592 
-0.8644730 
-0.9150662 



- 0 . 9 1 9 5 9 1 6 

- 0 . 9 7 8 2 0 4 8 

- 0 . 9 1 7 2 7 8 2 

- 0 . 8 8 0 0 5 3 8 

- o , 7 R 9 4 1 9 3 

- 0 . 6 8 6 6 2 2 1 

- 0 , 5 8 6 0 8 3 4 

- 0 . 4 9 4 2 4 1 2 

- 0 . 4 1 3 4 9 14 

- 0 . 3 4 4 1 2 1 0 

- 0 , 7 6 8 0 3 1 4 

- O . 1 8 3 3 4 1 1 

- o . 1 2 5 = 0 14 

- O . 0 n 6 5 ' ' 6 9 

- 0 , 0 6 0 1 4 9 7 

- 0 . 0 4 1 9 9 3 0 

- 0 . 0 2 9 3 9 = 7 

- 0 . 0 1 6 2 6 5 2 

- 0 . 0 0 7 9 9 6 5 

- 0 . 0 0 3 9 2 0 4 

- 0 . 0 0 1 9 1 4 0 

- 0 . 0 0 0 9 3 0 0 

- 0 , 0 0 0 4 4 9 7 

- 0 , 0 0 0 2 1 6 4 

- 0 , 0 0 0 0 4 9 4 

- 0 . 0 0 0 0 1 1 ] 

- 0 . 0 O O O O 7 5 

- 0 . 0 0 0 0 0 0 5 

- O . O O O O O O l 

- O . O O O O O O O 

621 2 

O . O O O O O O O 

0 . 0 0 0 0 7 1 4 

0 . 0 0 0 5 2 2 5 

0 . 0 0 1 6 1 4 4 

O . 0 0 3 5 0 4 1 

o . 0 0 6 7 6 7 7 

0 . 0 0 9 9 2 0 1 

O . 0 1 6 1 1 3 ? 

0 . 0 2 7 8 7 7 5 

0 . 0 4 1 8 8 0 2 

0 . 0 5 7 1 9 0 7 

0 . 0 7 2 8 8 3 8 

0 . 0 8 8 1 1 9 2 
0 . 1 0 2 1 8 7 9 

0 . 1 2 1 5 3 2 8 

0 . 1 3 6 0 1 1 9 

0 . 1 39f?30 1 

0 . 1 3 3 7 0 8 9 

0 . 1 1 7 3 5 4 5 

0 , 0 9 4 0 3 0 9 

0 . 0 6 5 ? 3 5 8 

- 0 . 0 0 O Q O 4 5 

- 0 . 0 6 7 7 4 7 3 
- 0 . 1 2 4 0 4 3 9 

- 0 . 1 6 5 7 2 2 1 

- 0 . 1 9 0 0 9 4 6 

- 0 . 1 9 7 3 6 7 0 

- 0 . 1 8 3 5 4 5 8 

- 0 . 1 2 5 1 3 5 0 

- O . 0 4 1 1 0 1 1 

0 . 0 4 9 9 9 5 7 

0 . 1 3 5 0 5 7 4 

0 . 2 0 6 1 1 6 7 

O . 2 5 9 7 0 4 2 

0 . 3 0 5 4 2 9 5 

- 0 . 9 2 3 1 4 9 0 

- 0 . 9 2 7 0 0 4 0 

- 0 , 9 0 7 8 4 9 3 

- 0 . 8 6 6 8 0 3 1 

- 0 . 7 7 2 6 0 0 6 

- 0 , 6 6 9 4 6 4 4 

- 0 . 5 7 0 0 7 2 0 

- 0 . 4 7 9 9 9 0 0 

- 0 . 4 0 1 1 5 0 0 

- 0 . 3 3 3 6 2 4 7 

- C . 2-16-'61 

- 0 . 1 7 2 0 7 = 8 

- 0 , 1 1 7 8 8 7 9 

- 0 . 0 8 1 4 7 7 7 

-0,05663^','-

- 0 . 0 3 9 5 6 3 9 

- 0 . 0 2 7 7 0 3 7 

- 0 . 0 1 4 4 5 1 2 

- 0 . 0 0 7 1 0 2 5 

- 0 . 0 0 3 4 7 9 9 

- 0 , 0 0 1 6 9 7 6 

- 0 , 0 0 0 8 2 4 2 

- 0 . 0 0 0 3 9 8 7 

- 0 , 0 0 0 1 6 9 4 

- O . 0 0 O O 3 B 6 

- " . 0 0 0 0 0 8 7 

- O . O O O O O I 9 

- 0 . 0 0 0 0 0 0 4 

- O . O O O O O O l 

- O . O O O O O O O 

- 0 . 9 2 5 7 9 1 2 

- 0 . 9 2 5 1 6 9 2 

- 0 , 9 0 3 0 0 4 6 

- 0 , 8 5 2 6 1 = 3 

- 0 , 7 5 5 5 6 4 1 

- 0 , 6 5 2 4 2 5 7 

-0,S'=:43269 

- 0 . 4 6 6 0 5 1 0 

-0.38912'i7 
- 0 . ••234 198 

- 0 . 2 3 6 7 4 6 6 

- 0 . 161"^ 1 1 3 

- 0 , 1 1 0 7 6 6 4 

-0.076616,? 

- 0 . 0 5 ^ 3 3 8 4 
- 0 , 0 3 7 7 7 7 7 

- 0 , 0 2 6 1 1 0 0 

- 0 . 0 1 2 8 39 3 

- 0 . 0 0 6 3 0 7 0 

- 0 , 0 0 3 0 0 8 6 

- 0 . 0 0 1 3 0 5 5 

- 0 . 0 0 0 7 3 0 3 

- 0 . 0 0 0 3 5 2 6 

- 0 . 0 0 0 1 3 2 5 

- 0 , 0 0 0 0 3 0 1 

- 0 , 0 0 0 0 0 6 7 

- 0 . 0 0 0 0 0 1 5 

- 0 . 0 0 0 0 0 0 3 

- 0 . 0 0 0 0 0 0 1 

- 0 . O O O ^ O O O 

- 0 . 7 4 0 8 3 9 3 2 441 

0 . 0 0 0 0 0 0 4 

0 . 0 0 0 1 1 1 7 

0 . 0 0 0 6 5 4 6 

0 . 0 0 1 8 7 1 0 

0 . 0 0 3 9 0 2 9 

O . 0 0 6 8 1 5 1 

0 . C 1 O 6 1 3 6 

0 . 0 1 7 8 8 1 6 

0 . 0 3 0 0 8 0 2 

O . 0 4 4 3 6 6 7 

0 . 0 5 9 8 0 3 7 

0 . 0 7 5 4 7 5 8 

0 . 0 9 0 5 6 1 8 

0 . 1 0 4 3 7 0 7 

0 . 1 2 4 6 5 4 7 

0 . 1 3 7 3 9 0 2 

0 . 1 3 9 4 2 8 6 

0 . 1 3 1 1 6 5 0 

0 . 1 1 3 9 3 3 4 

0 . 0 8 9 5 5 6 7 

0 . 0 5 4 7 7 0 7 

- 0 . 0 1 2 2 6 5 4 

- 0 . 0 7 7 5 7 5 5 

- 0 . 1 3 2 1 3 5 3 

- 0 . 1 7 1 0 0 4 3 

- 0 . 1 9 2 4 6 2 3 

- 0 . 1 9 7 0 2 1 5 

- 0 . 1 7 6 5 1 3 7 

- 0 . 1 12344,9 

- 0 . 0 2 5 9 8 5 8 

0 . 0 6 4 8 6 4 8 

0 . 1 4 8 O 2 3 0 

0 . 2 1 6 7 7 7 9 

0 . 2 6 6 1 9 1 9 

0 . 3 0 8 6 7 4 9 

0 . 0 0 0 0 0 2 8 

0 . 0 0 0 1 6 4 2 
0 . 0 0 0 8 0 5 7 

0 . 0 0 2 1 5 0 4 

0 . 0 O 4 3 2 6 3 

0 , 0 0 7 3 8 7 1 

0.0 113 3 0 7 

0 . 0 1 9 7 3 1 9 

0 . 0 3 2 3 4 1 2 

0 . 0 4 6 8 8 5 1 

0 . 0 6 2 4 2 3 0 

0 . 0 7 8 0 b 1 2 

0 . 0 9 2 9 6 8 5 

0 . 1 0 6 5 0 7 5 

0 . 1 2 7 5 0 1 9 

a . 1 3 8 4 8 3 8 

0 . 1 3 8 7 3 9 1 

0 . 1 2 8 8 7 0 8 

0 . 1 1 0 3 1 3 4 

3 . 0 8 4 9 4 0 0 

0 . 0 4 3 9 9 2 8 

- 0 . 0 2 3 5 6 8 5 

- 0 , 0 8 7 5 9 5 7 

- 0 , 1 3 9 7 8 4 5 

- 0 , 1 7 5 7 9 8 9 

- 0 , 1 9 4 3 5 7 7 

- 0 . 1962e^7B 

- 0 . 1 6 8 2 5 9 0 

- 0 . 0 9 8 9 4 B 7 

- 0 . 0 1 0 7 5 8 6 
0 , 0 7 9 5 0 9 3 

0 . 1 6 0 = 6 5 9 

0 . 7 7 5 9 1 4 1 

0 . 2 7 2 6 4 4 4 

0 . 3 0 9 9 = 6'̂ ' 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

- 0 

— 0 

0 

0 

0 

0 

0 

0, 

0. 

o. 
0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 

0. 

0 

0. 

0 

0 

- 0 

- 0 . 

- 0 . 

- 0 . 

- 0 

- 0 

- 0 

- 0 

0. 

0 

0< 

0 
0 

0 

, ~ 2 7 5 6 9 3 

• 022-'41 1 

. 8 9 7 7 7 4 6 

, = 3 7 6 4 9 7 

.738-"85? 

. 6 3 5 5 4 0 3 

. 5 3 8 8 6 1 7 

. 4 5 2 4 3 0 6 

• 3 7 7 4 1 2 8 
• 31 3 = 0 2 5 

.721 ""SCO 

• 1 5 1 6 0 7 6 

• 104 104 3 

• 0 7 2 1 0 2 2 

• 0''^023 %9 

. 0 3 5 1 2 5 7 

. 0 2 3 1 9 4 2 

• 0 1 1 4 0 6 9 

• 0 0 5 6 0 1 7 

• 0 0 2 7 4 0 9 

• 0 0 1 3 3 5 0 

0 0 0 6 4 7 1 

0 0 0 3 1 2 1 

0 0 0 ) 0 3 6 

0 0 0 0 2 3 5 

0 0 0 O 0 5 2 

0 0 0 O 0 1 2 

0 0 C 0 P 0 3 

O O O O C O l 

ooo^ooo 
2 9 9 6 . 

0 0 0 0 0 9 3 

0 0 0 7 3 0 4 

0 0 0 9 7 6 4 

0 0 2 4 5 3 1 

0 0 4 7 7 4 4 

0 0 7 0 0 3 8 

0 1 7 0 7 1 2 

Q 2 1 6 6 0 4 

0 3 4 6 5 6 0 

0 4 9 4 3 1 0 

0 6 5 0 4 4 6 

0 8 0 6 0 6 6 

0 9 5 3 3 6 7 

1 1 0 6 1 9 8 

1 3 0 0 6 6 8 

1 3 9 7 6 8 5 

1 3 7 7 6 6 6 

1 2 6 3 3 4 4 

1 0 6 = 0 3 8 

0 8 0 1 9 0 7 

032.97 1 3 

0 ^ 4 7 6 3 3 
0 9 7 2 7 7 9 

1 4 6 9 7 7 1 

1 8 0 1 0 3 5 
1 9 5 7 8 7 5 

1 9 5 0 8 6 7 

1 5 3 8 8 6 4 

0 8 5 0 3 9 4 

0 0 4 = 1 3 4 

0 9 3 O 9 7 1 

1 7 2 6 6 4 5 

2-'50327 
7 8 3 9 5 2 1 

3 0 9 5 0 7 7 

- 0 . 9 2 8 5 3 2 6 

- 0 . 9 1 9 7 5 8 8 

- 0 . 8 9 2 1 8 9 1 

- 0 . S 2 2 0 4 7 7 

- 0 , 7 2 1 f O S 

- 0 . 6 1 8 8 3 8 1 

- 0 . 5 2 3 6 8 7 3 

- 0 . 4 3 9 1 3 0 8 

- 0 . 3 6 6 0 1 0 3 
- 0 . 3 0 3 8 6 7 1 

- 0 . 7 0 8 1 3 B 1 

- 0 . 1 4 7 3 2 T -

-0.CO7<)6'3"' 

- O . 0 6 7 8 6 5 1 
- 0 . 0 4 7 3 1 0 -

- 0 . 0 3 3 0 O 9 8 

- 0 . 0 2 0 6 0 5 7 

- 0 , 0 1 0 1 3 3 8 

- 0 . 0 0 4 9 7 4 0 

- 0 . 0 0 2 4 3 2 0 

- 0 . 0 0 1 1 8 3 6 

- 0 . 0 0 0 5 7 3 2 

- 0 . 0 0 0 2 7 6 3 

- 0 . 0 0 0 0 8 1 0 

- 0 . 0 0 0 0 1 9 3 

- 0 . 0 0 0 0 0 4 1 

- 0 . 0 0 0 0 0 0 9 

- 0 . 0 0 0 0 0 0 2 

- O . O O O O O O O 

- O . O O O O O O O 

r 9 9 4 4 0 3 9 0 

0 . 0 0 0 0 2 1 3 

0 . 0 0 0 3 1 1 4 

0 . 0 0 1 1 6 7 7 

0 . 0 0 2 7 7 9 4 

0 . O 0 5 2 4 7 4 

0 . 0 0 9 6 0 5 0 

0 . 0 1 2 8 3 4 8 

0 . 0 7 3 6 6 3 = 

0 . 0 3 7 0 2 0 4 

0 . 0 5 2 0 0 0 1 
0 . 0 6 7 6 6 4 4 

0 . 0 8 3 1 3 8 6 
0 . 0 9 7 6 6 3 5 

0 , 1 1 4 5 0 3 8 

0 . 1 3 2 3 4 3 2 

0 . 1 3 9 7 5 31 

0 , 1 3 6 5 1 6 6 

0 . 1 2 3 5 6 38 

0 . 1 0 2 5 1 3 9 
0 . 0 7 5 3 1 6 7 

0.021"'72-' 

- 0 . 0 4 = 8 0 3 0 

- 0 . 1 0 6 5 9 5 4 

- 0 , 1 5 3 7 0 2 0 

- 0 . 1 0 3 9 1 9 3 

- 0 . 1 9 6 7 5 9 7 

- 0 , 1 9 3 5 2 0 1 

- 0 , 1 4 9 5 0 8 0 
- 0 , 0 7 0 7 0 6 0 

0 . 0 1 9 7 6 7 7 

0. 10''9601 

0 . 1 9 4 2 9 9 7 

o . 7 4 3 6 2 3 0 

0 . 7 Q 3 1 - 4 7 

0.''073647 

- 0 . 9 2 6 7 2 9 2 

- 0 . 9 1 A 2 5 9 3 
- 0 . 8 8 6 2 7 7 6 

- 0 . 9 0 = 9 3 4 1 

- 0 . 7 0 3 9 5 9 2 

- 0 . 6 0 7 3 4 5 1 

- 0 , = 0 9 8 1 2 8 

- 0 , 4 2 6 1 5 1 2 

-0.3r,49I50 
- 0 , 7 9 = 4 1 9 = 

- 0 . | 9 = 3 4 7 7 

- 0 . 1 •'-•637 = 

- 0 . 0 9 7 0 2 0 3 

- 0 . O 6 3 O 8 6 7 

- 0 , 0 4 4 = 7 4 -
- 0 . 0 3 1 1 9 2 7 

- O . O I 8 3 0 7 0 

- 0 . 0 0 9 0 0 2 2 

- 0 . 0 0 4 4 1 6 2 

- 0 . 0 0 2 1 5 7 6 

- 0 . 0 0 1 0 4 9 2 

- 0 . 0 0 0 5 O 7 7 

- n , 0 0 0 2 4 4 " 

- O . O O O O 6 3 3 

- O . O O O O l 4 3 

- 0 , 0 0 0 0 0 3 2 

- 0 , ^ 0 0 0 0 0 7 

-o.oonnooi; 
-o.onoooon 

0,0000419 

0.OO04085 
0,0013802 
0,0031296 
0,00=74=1 
0,009?505 
0.0144709 

0.0757377 
0.0394700 
0.054=891 
0.07C7799 
O.on=64'»s 
0 . 0 O 9 9 4 6 4 

0.I 1 8 1 4 = 6 

0 . I'>4-"?6I 
0 , 1 3 0 9 3 9 4 

0 . 1 3 4 9 0 5 7 

0.I 7 0 5 6 7 6 

0 . 0 0 9 3 5 3 1 

0.O70329'> 

0.O10460"' 

- 0 , 0 = 6 6 4 4 3 

- 0 . 1 1 5 = 2 4 4 

- 0 . it^oos^o 

- 0 . 1 9 7 2 4 9 5 

- 0 . 1 9 7 7 9 3 0 

- 0 . 1 8 0 7 4 9 2 

- 0 . 1 3 7 7 2 7 7 

- 0 . 0 = 6 0 3 7 1 

0,034946'' 

0.1 7169-"' 

0 . 1 0 5 4 5 = 1 

0 . " ^ 1 6 8 0 9 

0 , 7 O O 7 9 = 0 
0 . 3 0 7 6 1 8 9 
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0 

0 

0 

0 

-0 

• 0 

o 
0 

o 
0 

0 

0 

0 

0 

0 

0 

0 

.2983634 

.7403875 

.1508386 

.0457334 

.0633139 

.1686470 

.35 18645 

.4886435 

.5797651 
•6321674 
.6543247 
•654 194 3 
•63072 14 
•5686564 
4962666 
4268238 
3636298 

".3069847 
0 
o 

2559605 
187770O 

0.1256910 
0 0822132 
0.0527349 
0.0332686 
0.0206905 
0.0127097 
0.0046489 

o 0016438 
".0"05657 
".0001904 
0,0000679 
0,0000205 
0.0000045 
O,0O00004 
0,0000000 
o 

o 

0 

o 
1 
1 
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A. Discussion 

V. CENTRAL POTENTIAL 

It is sometimes of interest to study the details of the so-called 
central potential. Therefore, we have written an optional subroutine 
(CPOTL) which may be used in conjunction with the HF program to give 
such details. 

This subroutine l ists, as functions of r, the following: 

1. CENPOT 1, the central potential, for an electron in the 
specified orbital i, defined as 



f [ ^ - Y j ( r ) - Xi(r)], 

where X.(r) are the usual exchange terms plus contributions due to 
inclusion of the off-diagonal Ej; t e rms . 

2. E F F CENPOT 1, the effective central potential, defined as 

CENPOT 1 - ^'''^i*^) 
r' 

3. RPOT 1, the effective central potential multiplied by r. 

4. CENPOT 2, as for item 1 above, except that X.(r) is defined 
so as not to include the effects of e j ; . 

5. E F F CENPOT 2, as for item 2 above, except that Xj(r) is 
defined so as not to include the effects of ej : . 

6. RPOT 2, as for item 3 above, except that Xj(r) is defined 
so as not to include the effects of e^j. 

7. CORE, the total charge distribution, defined as 

z r pf(oci. 
1 ^0 

d r , 

where q- is the occupation number of the ith orbital. 

8. ZNL, Slater ' s effective Z for wavefunction, defined as 

• r ; 

- f ' Z Pj d>-i - [ I PJ 7 dr (Ref. 1, 5 9.7) 
^ j / i ^r, j^i "j J 

This subroutine is used by inserting the statement CALL CPOTL 
immediately after the statement CALL PRNT in HF MAIN and adding before 
the PNCH control card (i.e., card of type 11 in Ref. 2) an extra data card 
which contains NCORE and K in FORMAT (213). NCORE is an integer 
defining the number of orbitals required to define the core, and K is an 
index of the first orbital for which a detailed printout of the CPOTL option 
is required. For example, in the case of Scl 1 s^2s'2p'3s^3p'3d', NCORE = 6 
will give the charge density due to all six orbitals and K = 5 will give details 
of the central potential, etc. , for just the 3p and 3d orbitals (i.e., the fifth 
and sixth). 
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B. Listing of Subroutine CPOTL 

<=U890L)TINr CPOTL 
LOGICAL F4IL> RSC4N 
COMMON ATOM. TERM.NU'F, 7. NP,H.N0.EL(20) .N{20) .L(20) *D( 100) .SOMC20) . 
1 EK(20).E(20.20).9(200).RR(200).R2(200).0(20.200).y(20,200). 
2 YK(200 1.VR(200 1.XI200 1.DD(24 02 1.D(20,20,4I ,DD0(62I .NR.CRI 10 I • 
3 <R(10).I1R(10).I2R(101.NCR1<10).J1R(10) .J2R( 10) .NCRJ I 10).NCFG. 
4 WT(5). QC (20.6)/TE=;T/F/>IL.R'^C4N( 201 

PIMENCION Mflx(20) 
50UIVaLFNCF C M4X(1).D(611) 
D I ME N̂-- ION \/NL 1 (200) ,VNL2(200) .VLLl ( 200) .EVNLI (200 ) .EVNL 2(200) • 

I VLL2(200),TC(200).70(200) 
P=4n 56.N0OP=.K 

56 FOovilT (713) 
PTOL= 7.F-7»<;0RT(7) 
no 6 I =<,NH/F 
PRINT 55 

55 FORMATCIHl,72X47HVALUES OF CENTRAL AND tFFECTlVE POTENTIAL VS R /) 
P9I^JT 7, FL ( I ) 

7 FORMAK 4xA3/5XlHRI0X8HCeNP0T 1. 6X12HtFF CENPOT I6X8HCENP0T 2 3X, 
112HEFr CENPOT 7,ftx8H RPOT 1 7x]7H RPOT 2.10X4HC0RE11X3H2NL) 
CALL POTL(I) 
CALL XCHC1.7) 
M = MAX(I) 
OO 1 JJ =1,M 
IFIJJ .LT. 401 GO TO 57 
IF(AP^(D(1,JJ)•Q7(JJ)).LE. PTOL) GO TO 14 

57 CONTINJUF 

VNL1( JJ)=(2.»(7-YR(JJ))-CX(JJ) l/P(I.JJ))/R(JJ) 
VLL1( JJ) = VNL1( JJ)»P(JJ) 
EVNLU JJ)=VNLI( JJ)-( (!.( I l»(L( I ) + l ) )/(H ( JJ)»R( JJ) ) ) 
VNLl(JJ)= -VNL1(JJ) 
VLLI(JJ) = -VLLl(JJ) 
FVNLIIJJ) = -EVNLl(JJ) 

1 CONTINIUF 
14 M=JJ - 1 

CALL XOHII.1) 
00 I I JJ= 1 ,M 

11 X(JJ)= R(JJ)»X(JJ) 
00 7 JJ =1.M 
VNL2C JJ)=(2.»(2-YR(JJ))-(x(JJl/PtI.JJ)))/R(JJ) 
VLL2( JJ)= VNL2( JJ)»R(JJ) 
EVNL2( JJ)=VNL2( JJ)-( (L( I )•(LI I ) + I ) )/(R(JJ)«R(JJ) ) ) 
VNL2(JJ)= -VNL2(JJ) 
VLL2(JJ) = -VLL2(JJ) 
FVNL7(JJ) = -FVNL?(JJ) 

2 CONTINUE 
no 8 JJ =1.M 
70rJJ)= 7 
TOC JJ) = 0 
no 9 < = 1, NCODF 

TC(JJ) = TC(JJ1 + I (P(k-, JJ)«R7( JJ) )»»2)»0C(K, 1 ) 
9 CONTINUE 

7CIJJ)= 7 
DO 13 K=l ,NviF 
C= OC(K.1) 
1F(< .FQ. I) C=C-1. 

13 70(JJ) !! 7C(JJ) -C»Y(K.JJ) 
8 CONTINUE 

no 5 JJ =1,M 

PRINT 4.R( JJ) ,VNL I ( J J ) , EVt IL 1 ( J J> .VNL2( JJ) .EVNL2( JJ) . VLL 1 ( JJ) . 
1 VLL2<JJ). TC(JJ). 7C(JJ) 

4 FORMAT (F11.5. SF1=.5) 
5 CONTINUE 
5 CONTINUE 

RETURN 
END 
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